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INTRODUCTION
In  a g e o g rap h ica l sense so u th e a s te rn  Montana i s  r e l a t e d  to  th e  
m id -c o n tin e n ta l G rea t P la in s  o f N orth A m erica, V ast a re a s  o f g ra ss la n d  
v e g e ta t io n ,  p r im a r i ly  composed o f mid and s h o r t  g ra s s  sp e c ie s  of th e  
m ixed-grass p r a i r i e  dom inate th e  g e n e ra l lan d sc ap e . A lthough th e se  
o b se rv a tio n s  m ight su g g est a degree o f r e l a t i v e  hom ogeneity in  th e  
v e g e ta t io n , a c lo se  exam ination  o f th e  topography w i l l  show t h a t  a wide 
v a r i e ty  o f h a b i ta t s  a re  p ro v id ed  in  s o u th e a s te rn  Montana, S o i l  and 
p h y sio g rap h ic  c o n d itio n s  v a ry  s u f f i c i e n t ly  to  su g g est t h a t  an e x te n s iv e  
a r ra y  o f many p la n t  communities may be c h a r a c te r i s t i c  to  t h i s  lo c a l i ty *  
Under n a tu r a l  c o n d itio n s  v a r io u s  f a c to r s  o f th e  environm ent a re  
re sp o n s ib le  f o r  th e  m aintenance o f p ro d u c tiv e  n a t iv e  v e g e ta t io n .  How­
e v e r , s in c e  th e  in tro d u c t io n  of dom estic l iv e s to c k  g raz in g  on th e  G rea t 
P la in s ,  many changes in  th e  com position  of th e  v e g e ta tio n  have occurred  
(Reed and P e te rso n  I 96I ) ,  I t  i s  w e ll  known th a t  overg raz ing  im p airs  th e  
p ro d u c t iv i ty  o f th e  n a tiv e  v e g e ta tio n  and c re a te s  a s i t u a t io n  fo r  pos­
s ib le  in v a s io n  by u n d e s ira b le  sp e c ie s  (Reed and P e te rso n  1961, A rnold 
e t  a l , I 96I4.) . A lthough th e  dominant sp ec ie s  a re  p r im a r i ly  composed of 
m id -g ra s se s , in c re a se s  in  s h o r t  g ra s s  sp ec ie s  have occurred  in  some 
a re a s  as a r e s u l t  o f mismanagement and d is tu rb a n c e .
G uides to  p ro p e r  re so u rc e  use a re  im p o rtan t p a r t i c u la r ly  to  a s su re  
f u l l  u se  o f  th e  re so u rc e  w ith o u t damage or lo s s .  The range e c o lo g is t  
i s  i n t e r e s te d  in  de term in ing  and u n d erstan d in g  th e  r e la t io n s h ip s  between 
th e  environm ent and v e g e ta tio n  fo r  th e  purpose o f making m eaningful land  
management i n t e r p r e t a t i o n s .  An u n d ers tan d in g  of th e  s o i l  and p h y s io ­
g rap h ic  and p la n t  d i s t r ib u t io n  r e la t io n s h ip s  as w e ll as th e  in f lu e n c e  of
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g ra z in g  i s  e s s e n t i a l  to  making th e se  management i n t e r p r e t a t i o n s .
Through s o i1 -p la n t  r e la t io n s h ip  s tu d ie s  v a r io u s  g u id e lin e s  and ob jec­
t i v e s  f o r  management can be fo rm u la ted  based on th e  c a p a b i l i t i e s  and 
l im i ta t io n s  o f th e  a rea  to  su p p o rt v eg e ta tio n *
The au th o r has had an unusual o p p o r tu n ity  to  p a r t i c ip a te  in  such a 
s o i l - p l a n t  r e la t io n s h ip  s tu d y  c o o p e ra tiv e ly  conducted by Montana S ta te  
U n iv e rs i ty  and th e  U .S . F o re s t  S erv ice*  The g e n e ra l i n t e n t  o f  t h i s  
c o o p e ra tiv e  s tu d y  i s  to  p ro v id e  a sound e c o lo g ic a l  b a s is  f o r  re so u rc e  
management o f  th e  n a tiv e  g ra s s la n d  v e g e ta tio n  o f s o u th e a s te rn  Montana, 
Of p a r t i c u la r  i n t e r e s t  to  th e  a u th o r i s  th e  s t r ik in g  badland 
topography and i t s  v e g e ta tio n  in  t h i s  l o c a l i t y .  T his landform  sup­
p o r ts  a sp a rse  cover of x e r ic  v e g e ta tio n  which p re s e n t some d i f f i c u l t  
problem s to  th e  lan d  manager. This complex v e g e ta tio n  type  i s  c l a s s i ­
f ie d  as unusab le  or o f l im ite d  v a lu e  i n  term s o f c u r re n t management 
p r a c t i c e s .  There have been no p rev io u s  a ttem p ts  to  s tu d y  th e  s o i l -  
p la n t  r e la t io n s h ip s  o f th e  bad lands o f so u th e a s te rn  Montana, conse­
q u e n tly  l i t t l e  i s  known abou t th e  n a tu r a l  c o m p lex itie s  of t h i s  type 
c o n fro n tin g  th e  lan d  manager. While th e se  co m p lex itie s  in v o lv e  a 
sp a rse  v e g e ta tio n  cover coupled w ith  ex trem ely  s te e p  sou th  fa c in g  s lo p es  
and a h igh  s o i l  e ro s io n  p o te n t i a l ,  l i t t l e  e ls e  i s  known.
Some r e a d i ly  d is t in g u is h a b le  p la n t  communities a re  a rranged  in  a 
p a t t e r n  composing th e  bad land  v e g e ta t io n  o f so u th e a s te rn  Montana. I t  
i s  su g g ested  t h a t  th e se  p la n t  communities a re  r e g u la r ly  o ccu rrin g  
e lem en ts , each s ig n i f i c a n t ly  d i f f e r e n t  from th e  o th e rs  i n  term s o f dom­
in a n t  s p e c ie s  abundance and s o i l  and p h y sio g rap h ic  c o n d it io n s . Each 
k in d  o f community can be i d e n t i f i e d  w ith  r a th e r  s p e c i f ic  edaphic and
-3 -
p h y sio g rap h ic  env ironm enta l c o n d itio n s . The degree o f d i s s im i l a r i t y  
among th e  v a rio u s  p la n t  communities may be a t t r i b u t e d  to  th e se  s p e c if ic  
env ironm en ta l c o n d it io n s .
These o b se rv a tio n s  form th e  b a s is  o f a h y p o th esis  concerning th e  
en v iro n m en t-p lan t r e la t io n s h ip s  o f th e  bad lands o f so u th e a s te rn  Montana, 
The s p e c i f i c  o b je c tiv e s  o f th e  s tu d y  a re  tw o fo ld : f i r s t ,  to  determ ine
i f  th e  v a r io u s  k in d s o f p la n t  communities a re  s ig n i f i c a n t ly  d i f f e r e n t  in  
term s o f th e  abundance o f th e  dom inant s p e c ie s ;  and second , to  determ ine 
th e  in f lu e n c e  o f v a r io u s  p h y s ic a l ,  chem ical, and m orpholog ical f e a tu re s  
o f th e  s o i l  and th e  p h y sio g rap h ic  c o n d itio n s  o f  th e  a re a  on th e  d i s t r i ­
b u tio n  o f th e se  p la n t  com m unities. I t  i s  hoped th a t  th e  r e s u l t s  o f  t h i s  
s tu d y  w i l l  a s s i s t  in  e s ta b l is h in g  adequate g u id e lin e s  f o r  th e  e f f e c t iv e  
management o f th e  bad lands of so u th e a s te rn  Montana.
LITERATURE REVIEW 
R eco g n itio n  and C la s s i f i c a t io n  o f P la n t Comnmnities
I t  has long been reco g n ized  th a t  i t  i s  p o s s ib le  to  id e n t i f y  and 
d e sc r ib e  n a tu r a l  groupings o f p la n t  s p e c ie s .  These n a tu r a l  g roupings or 
a s s o c ia t io n s  of sp e c ie s  u s u a lly  e x h ib i t  a c h a r a c t e r i s t i c  physiognomy in  
a p a r t i c u la r  h a b i t a t .  N a tu ra l ag g reg a tio n s  o f d i f f e r e n t  p la n t  sp e c ie s  
d isp la y in g  uniform  physiognom ic c h a r a c t e r i s t i c s  a re  reco g n ized  as p la n t  
com m unities. The degree o f u n ifo rm ity  in  com position  e x h ib ite d  by th e  
community, and i t s  reo c cu rren c e  on d i f f e r e n t  a re a s  a re  r e l a t e d  to  th e  
u n ifo rm ity  o f ,  and in te r a c t io n s  between th e  v a rio u s  env ironm ental 
f a c to r s  o f th e  h a b i t a t .
The d i s t r ib u t io n  o f v e g e ta tio n  i s  a p ro d u c t o f a complex o f i n t e r ­
a c tio n s  betw een a l l  f a c to r s  o f th e  environm ent. The g e n e t ic a l ly  p re ­
determ ined p h y s io lo g ic a l  to le ra n c e  l im i ts  o f  each sp e c ie s  i s  d i f f e r e n t  
(Mason 19U6), C onsequently , a g iven  sp ec ie s  o f p la n t  has a somewhat 
d i f f e r e n t  e c o lo g ic a l  am plitude from a l l  o th e r sp e c ie s  (Hanson 19^8, 
G leason 1939). S im ila r ly ,  each h a b i t a t  i s  d i f f e r e n t  from a l l  o th e rs  
and, as such , th e  v e g e ta tio n  in  any two h a b i ta t s  i s  never id e n t ic a l  
(Hanson 19^8, G leason 1939). However, th e  am plitude o f p h y s io lo g ic a l  
l im i ts  o v erlap  among s p e c ie s ,  w ith  th e  r e s u l t  th a t  sp ec ie s  a g g reg a tio n  
occurs i n  many h a b i t a t s .
A lthough n a tu r a l  ag g reg a tio n s  o f sp e c ie s  on s im ila r  h a b i ta t s  a re  
n ever i d e n t i c a l  in  term s o f com position , th e y  may resem ble one an o th er 
s u f f i c i e n t ly  to  be reco g n ized  as one k ind  o f community or community-  
type (Hanson 19^8, Hanson and C h u rc h ill  1961), The in c lu s io n  of
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s im i la r  com m unities in to  one community-type i s  most u s e fu l  i n  th e  i n t e r ­
p r e ta t io n  o f  th e  r e l a t io n s  between v e g e ta tio n  and environm ent (Hanson
1958)* A lthough h a b i ta t s  on v a r io u s  p h y s io g rap h ic  u n i ts  ten d  to  e x h ib i t  
more or le s s  pronounced env ironm en ta l u n ifo rm ity , th e  im p lic a tio n  i s  n o t 
to  be made t h a t  th e y  e x h ib i t  a b so lu te  u n ifo rm ity  (N icho ls 1923b). 
C arp en te r (1936) f e e ls  t h a t  lo c a l  changes due to  env ironm ental f a c to rs  
may be common, y e t  on th e  whole th e  same b io t i c  e n t i t y  i s  p re s e n t  on 
s im ila r  h a b i t a t s .
G leason (1939) s t r e s s e s  t h a t  on any h a b i ta t  th e  p h y s ic a l ,  chem ical, 
and b i o t i c  f a c to r s  v a ry  in  tim e and sp ace , hence th e  v e g e ta tio n  v a r ie s .  
He f e e l s  t h a t  lo g ic a l  and p re c is e  c l a s s i f i c a t io n  o f communities i s  n o t 
p o s s ib le  because no two communities have a g e n e tic  or dynamic connec­
t i o n .  G leason (1939) a t t r i b u t e s  t h i s  to  th e  in d iv id u a l i s t i c  n a tu re  of 
s p e c ie s  and th e  con tinuous v a r i a b i l i t y  o f environm ent. Hanson (19^8) 
su g g e s ts  th a t  q u a n t i ta t iv e  a n a ly s is  o f th e  i n t r i n s i c  c h a r a c te r i s t i c s  of 
th e  community i s  n e c e ssa ry  f o r  c l a s s i f i c a t i o n  p u rp o ses . S tands showing 
th e  g r e a te s t  number o f s im i la r  c h a r a c te r i s t i c s  in  term s o f sp e c ie s  
com position  and h a b i t a t  s t r u c tu r e  can be grouped to g e th e r ,  Hanson 
(1958) re c o g n iz e s , however, t h a t  w ith  t h i s  must go th e  r e a l i z a t i o n  t h a t  
a c e r t a in  amount o f  v a r ia t io n  e x i s t s  among a l l  s im ila r  s ta n d s .
The a re a  over which a community occurs i s  c o n tro lle d  in  vary ing  
degrees by th e  c l im a t ic ,  ed ap h ic , p h y s io g ra p h ic , and b io t i c  f a c to r s  o f 
th e  environm ent (Hanson 1958, C arp en te r 1936), Clements (1936) b e lie v e s  
th e  c lim ax  community o f every  su c ce ss io n  to  be th e  exp ress  p ro d u c t of 
c lim a te  and , as such , i s  th e  b e s t  in d ic a to r  of i t .  The clim ax v e g e ta ­
t io n  c o n s t i tu te s  th e  m ajor u n i t  o f  v e g e ta t io n , and th u s  forms th e  b a s is
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of th e  n a tu r a l  c l a s s i f i c a t i o n  o f p la n t  communities (Clem ents 1936, 
P h i l l ip s  193^)* The concept o f clim ax as ex p ressed  by Clements (1928, 
193k) 1936) co n s id e rs  th e  clim ax v e g e ta tio n  as th e  f i n a l  s ta g e  of
su c c e ss io n  in  perm anent e q u ilib r iu m  w ith  environm ent. The u ltim a te  
cause o f community s t a b i l i z a t i o n  i s  sp ec ie s  dominance, embracing th e  
a b i l i t y  o f th e  c h a r a c t e r i s t i c  l i f e - f o rm  to  produce a r e a c t io n  s u f f i c i e n t  
to  c o n tro l  th e  community (C lem ents 1936, P h i l l ip s  1935, Weaver and 
Clements 1938)#
Beadle (1951) s t r e s s e s  th e  im portance o f re c o g n iz in g  th a t  c lim a tic  
bo u n d aries  canno t always be r e l i e d  upon to  c o n s is te n t ly  in d ic a te  th e  
b o u ndaries  o f v e g e ta tio n  and s o i l s .  A lthough Clements (1928, 193k,
1936) emphasized th e  in f lu e n c e  o f c lim a te  on v e g e ta tio n  developm ent, 
he reco g n ized  th e  in f lu e n c e  o f lo c a l  edaphic and p h y sio g rap h ic  f a c to r s .  
The concepts o f p o stc lim ax  and p rec lim ax  (Clem ents 1936) a re  outgrow ths 
o f th e  re c o g n it io n  th a t  edaphic and ph y sio g rap h ic  c o n d itio n s  a re  more 
s ig n i f i c a n t  env ironm enta l f a c to r s  f o r  a f fo rd in g  h a b i ta t s  n o t w holly  
commensurable w ith  th e  g e n e ra l  framework o f th e  c lim ax .
I n  reg io n s  having a uniform  c lim a te  over a wide a re a  th e  c h ie f  
d if f e re n c e s  in  v e g e ta tio n  appear to  be due to  lo c a l  in f lu e n c e s  o f to p ­
ography and s o i l s  ( P h i l l ip s  1935, N ichols 1923b ) ,  In  some a re a s  a vég­
é ta  t i o n a l  continuum may be reco g n ized  where bou n d aries  between 
com m unities a re  o b scu re . However, ab ru p t and d e f in a b le  boundaries  
betw een k in d s  o f communities a r e  common where env ironm enta l f a c to r s  
change a b ru p tly  (Hanson 1958, Mason 19k6, G ates e t  a l ,  1956, Daubenmire
1952).
Daubenmire (19?6) reco g n ized  and d is t in g u is h e d  between c l im a tic
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clim ax communities and those  in f lu e n c e d  p r im a r i ly  by edaphic f a c to r s .  
Daubenmire (1952) has c l a s s i f i e d  groups o f sp e c ie s  e x h ib i t in g  e c o lo g ic a l  
s im i l a r i t y  th roughou t a p a r t i c u la r  v e g e ta t io n a l  m a trix  as u n io n s , th e  
s m a lle s t  s t r u c t u r a l  u n i t  o f v e g e ta t io n . Cooper ( I 96I )  reco g n ized  th e  
im portance o f m icroenvironm ental v a r ia t io n  in flu e n c in g  p a t te r n  in  
ponderosa p in e .
The c l a s s i f i c a t io n  o f communities i s  a p p a re n tly  s tro n g ly  in flu en c ed  
by lo c a l  env ironm enta l c o n tro l  o f v e g e ta t io n , P ou lton  and T isd a le  ( I 96I )  
d is c u s s  a q u a n t i ta t iv e  method f o r  th e  d e s c r ip t io n  and c l a s s i f i c a t io n  of 
range  v e g e ta tio n  based  on v e g e ta t iv e  and  edaphic f e a tu re s  o f h a b i t a t -  
ty p e s .  Weaver (195^, 1963) s ta t e s  t h a t  th e  p r a i r i e  i s  a c lo se d  clim ax 
community w ith  no waves o f em ig ra tio n  or im m igra tion . He f e e l s  th a t  the 
p r a i r i e  i s  a s ta b le  mosaic g ra s s la n d  capab le  o f r e s i s t i n g  in v a s io n  due 
to  an e x te n s iv e  mat o f r o o t  development in  th e  s o i l ,  E l l is o n  ( I 96O) has 
found , however, th a t  e x te n s iv e  g raz in g  p re ssu re  on th e  t a l l - g r a s s  and 
th e  m ixed-grass p r a i r i e  p rec lu d e s  extended clim ax s t a b i l i t y .  Denudation 
o f clim ax v e g e ta tio n  under extended d is tu rb a n c e  can g ro s s ly  a l t e r  th e  
a s p e c t and com position o f th e  community (A lb ertso n  and Weaver 19k6 , 
E l l is o n  i 960, E l l is o n  and W oolfoik 1937, Reed and P e te rso n  I 96I ,  Sampson
1959).
The u lt im a te  d i s t in c t io n  between k inds o f communities i s  based  p r i ­
m a rily  on sp e c ie s  com position  and physiognom ic ap pearance, D r is c o l l  
( 196k) d e l in e a te d  p la n t  communities of a r e l i c t  a re a  in  Oregon on th e  
b a s is  o f v e g e ta t io n a l  l i f e - f o rm , Daubenmire (1952) c l a s s i f i e d  th e  com­
m u n itie s  o f n o r th e rn  Idaho and a d ja c e n t W ashington in to  13 clim ax p la n t  
a s s o c ia t io n s ,  each c h a ra c te r iz e d  by a p a r t i c u la r  com bination of p la n t
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unions* Coupland (1950^ I 96I )  used  dom inance, d i s t r ib u t io n  o f sub­
dom inants, and b a s a l  cover in  d e te rm in in g  g ra s s la n d  com m unities„ Looman 
( 1963) p roposed  a p re lim in a ry  c l a s s i f i c a t io n  of th e  g ra s s la n d  communi­
t i e s  in  Saskatchew an based  on c h a r a c t e r i s t i c  com binations o f sp ec ie s  
(k e n s o r ts )  which a re  e a s i ly  reco g n ized  in  th e  f i e l d ,  Hanson and Whitman 
( 1938) c l a s s i f i e d  th e  g ra s s la n d  ty p es  o f w es te rn  N orth Dakota in to  n in e  
m ajor ty p es  in  term s of th e  c h ie f  sp e c ie s  in  each , Clements (1936) con­
s id e re d  l i f e - f o rm  d is t in c t io n  as th e  p rim ary  d i s t in c t io n  betw een c lim ax es.
M orris ( I 9L6 ) has in d ic a te d  t h a t  th e  c l a s s i f i c a t i o n  o f g ra ss la n d s  
in  Montana on an e c o lo g ic a l  b a s is  i s  needed to  f a c i l i t a t e  sound economic 
u se .
Edaphic E f fe c ts  on P la n t D is tr ib u t io n
On e x te n s iv e  a rea s  having a uniform  topography and c lim a te , v a r ia ­
t io n s  in  v e g e ta tio n  type a re  u s u a lly  due to  d if fe re n c e s  in  s o i l  cond i­
t io n s  (Weaver and Clements 1938, N icho ls 1923b). Every p la n t  i s  a 
p ro d u c t o f th e  co n d itio n s  under which i t  grows, and i s  th e reb y  a measure 
o f th e se  c o n d itio n s  (Clem ents 1928). A lthough th e  e f f e c ts  of c lim a te  
may be dominant in  d e te rm in in g  th e  clim ax l i f e - fo rm , lo c a l  dominance and 
community s t r u c tu r e  o f e i t h e r  s ta b le  or s e r a i  communities can be ex p res­
s io n s  o f edaphic f a c to r s  (Clem ents 1928), E x tensive  e c o lo g ic a l  re se a rc h  
in  th e  a re a  o f s o i l - p l a n t  r e la t io n s h ip s  has shown th a t  s o i l  in f lu e n c e s  
can be a m ajor f a c to r  c o n tr ib u tin g  to  th e  d i s t r ib u t io n  of v e g e ta tio n .
The p resen ce  or absence o f a p la n t  can o f te n  be u s e fu l  r e l a t i v e  to  
th e  d e te c t io n  o f  s p e c i f ic  s o i l  c o n d it io n s .  In  t h i s  se n se , p la n ts  can be 
c l a s s i f i e d  as edaphic in d ic a to r s  in  term s o f t h e i r  resp o n se  to  s o i l
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c h a r a c t e r i s t i c s  (Clem ents 1928, Sampson 1939)* Clements (1928) and 
Sampson (1939) p o in t  ou t t h a t  dom inant sp e c ie s  having th e  most ex ac tin g  
req u irem en ts  a r e  th e  most im p o rtan t in d ic a to r s  because  th e y  re c e iv e  th e  
f u l l  im pact o f th e  h a b i t a t .  The most r e l i a b l e  in d ic a to r s  o f s o i l  condi­
t io n s  a re  s ta b le  p la n t  communities t h a t  have occupied a p a r t i c u la r  s o i l  
over a long p e r io d  o f tim e (Shantz and P iem eise l 19i|0, Clements 1928), 
Sm all r e s t r i c t e d  p la n t  communities may be im p o rta n t in d ic a to r s  of 
s p e c i f ic  s o i l  c h a ra c te rs  (Sampson 1939).
The p a r t i c u la r  s ig n if ic a n c e  o f in d ic a to r  p la n ts  i s  th e  advantage 
th e y  o f f e r  in  id e n t i fy in g  h a b i ta t s  on th e  b a s is  o f v e g e ta tiv e  appearance. 
This phenomena g r e a t ly  f a c i l i t a t e s  th e  re c o g n it io n  and e v a lu a tio n  of th e  
r e la t io n s h ip s  betw een p la n ts  and environm ent.
The d i s t r ib u t io n  o f sp e c ie s  and p la n t  communities has d e f in i t e ly  
been  shown to  be an e x p re ss io n  o f edaphic in f lu e n c e s  in  many c a se s . 
Anderson (19$6) has shown t h a t  a s h i f t  o f dominance in  g ra s s la n d  clim ax 
corresponds w ith  changes i n  s o i l  s e r i e s .  P la n t  communities rang ing  
from p o s tc lim ax  to  p rec lim ax  a re  ex p ress io n s  o f s o i l  c h a r a c te r i s t i c s  
(Clem ents 1936, Anderson and F ly  1955^ Burbanck and P l a t t  1961;), P a t­
te rn s  o f s e r a i  com m unities have been found to  be c o n tro lle d  by edaphic 
fa c to r s  in  many cases  (Judd  1939  ̂ Hanson and Whitman 1938, 1937).
A lthough c o n s id e ra b le  ov erlap p in g  o f sp e c ie s  on d i f f e r e n t  s o i l  
ty p es  may o ccu r, d if f e re n c e s  in  sp e c ie s  com position  may in d ic a te  edaphic 
c o n tro l  (P assey  and Hugie I 963) .  Clements (193U) b e l ie v e s  t h a t  w ith in  a 
c lim ax  fo rm a tio n , th e  p resen ce  o f a  r e l i c t  community re p re s e n tin g  a d i f ­
f e r e n t  clim ax i s  an in d ic a t io n  o f c l im a tic  com pensation by edaphic 
f a c t o r s .  The c lo se d  n a tu re  o f th e  p r a i r i e  a s s o c ia t io n  i s  la r g e ly  a
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fu n c tio n  o f in t im a te  i n te r a c t io n  betw een n a t iv e  sp e c ie s  and s o i l s  
(Weaver I 96I ,  1963) .
A lthough no one f a c to r  o f  th e  environm ent com plete ly  c o n tro ls  p la n t  
d i s t r i b u t i o n ,  th e  in f lu e n c e  of a s in g le  f a c to r  or group o f f a c to r s  may 
be im p o rta n t. I t  i s  g e n e ra l ly  accep ted  t h a t  i s o la t in g  and an aly z in g  
in d iv id u a l  f a c to r s  of th e  environm ent s e p a ra te ly  ach iev es  more p ro g ress  
i n  u n d ers tan d in g  env ironm enta l r e l a t i o n s  (Daubenmire 19^9).
The in f lu e n c e  o f s o i l  te x tu re  has been w id e ly  in v e s t ig a te d  and 
found to  have a s ig n i f i c a n t  e f f e c t  on p la n t  d i s t r ib u t io n  (C ro c k e tt 196k^ 
Box 1961, D r is c o l l  I 96I1,  Shan tz  and P ie m e ise l 19i|0, Nixon 196ii, Nixon 
and McMillan 1961;, Hanson and Whitman 1938). Coupland (19^0, 196I )  
a t t r i b u t e d  th e  d i s t r ib u t io n  o f th e  m ajor g ra ss la n d  clim axes o f S ask a tch ­
ewan to  th e  in f lu e n c e  o f a v a i la b le  s o i l  m o istu re  as r e f l e c te d  in  s o i l  
t e x tu r e .  W right and  W right (19W ) found th a t  in  th e  m ajor g ra s s la n d  
ty p es  o f south  c e n t r a l  Montana raesic sp e c ie s  o f te n  occur in  x e r ic  
c lim a te s  as th e  r e s u l t  o f th e  com pensatory e f f e c ts  o f s o i l  te x tu re *  
Clements (1936) co n sid e red  s o i l  te x tu re  im p o rtan t in  determ in ing  p o s t­
clim ax and p rec lim ax  com m unities.
In  some in s ta n c e s  s o i l  t e x tu r e  has no ap p aren t r o le  in  c o n tro ll in g  
th e  d i s t r ib u t io n  o f p la n t s .  Pase ( 19S8 ) found th a t  te x tu re  p lay s  a 
minor p a r t  i n  l im i t in g  th e  d i s t r i b u t io n  o f A rtem is ia  t r i d e n t a t a  i n  
w es te rn  Montana. T e x tu ra l d if f e re n c e s  do n o t  appear to  be s ig n i f i c a n t ly  
d i f f e r e n t  i n  s o i l s  o f th e  A rte m is ia  t r i d e n t a t a  and A t r i p l e x  conf e r t i f o l i a  
a s s o c ia t io n s  o f Nevada and e a s te r n  C a l i fo rn ia  (B i l l in g s  19i;9)* Jameson 
e t  a l .  ( 1962) cou ld  f in d  no c o n s is te n t  d if fe re n c e s  in  te x tu re  between 
k in d s  o f communities on F i s h t a i l  Mesa in  A rizo n a ,
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Perhaps th e  most im p o rtan t s o i l  f a c to r  in f lu e n c in g  p la n t  d i s t r i b u ­
t io n  i s  th e  a v a i l a b i l i t y  o f s o i l  m o istu re  as in flu e n c e d  by o th e r edaphic 
f a c to r s  ( P o t te r  and Green 1961;, Coupland 1950, 1961, McMinn 1952, Dauben­
m ire and S lip p  19l;3> Sm oliak 1956, Daubenmire 1959  ̂ Dix 1958, E ll is o n  and 
W o llfo lk  1937f A lb e rtso n  and Weaver 19L6). The r o l e  o f m a trix , g r a v i ta ­
t i o n a l ,  and osm otic te n s io n s  on s o i l  m o istu re  a v a i l a b i l i t y  has been d i s ­
cussed  by  Buckman and Brady ( i 960) ,  and th e  U .S. S a l in i t y  L ab o ra to ry  
S t a f f  (1951).
P o t te r  and Green (1961;) found th a t  m o istu re  p e n e tr a t io n  i s  deeper 
in  co a rse  te x tu re d  and ro c k y  s o i l s .  I t  appears t h a t  th e  d i s t r ib u t io n  o f 
P inus ponder osa in  w es te rn  N orth  Dakota i s  r e s t r i c t e d  t o  co arse  s o i l s  
where i t  can s u c c e s s fu l ly  compete w ith  herbaceous v e g e ta tio n . In  th e  
Madison Range o f Montana, P a tte n  ( I 963) concluded th a t  th e  a v a i l a b i l i t y  
o f m o istu re  i s  d i r e c t l y  c o n tro lle d  by  s o i l  te x tu re  and o th e r  p h y s ic a l 
f a c to r s .  Many s a l t - d e s e r t  clim ax sp e c ie s  a re  s tro n g ly  in flu e n c e d  by 
s o i l  m o istu re  a v a i l a b i l i t y  (G ates e t  1956, F a u tin  19^6, Shantz and 
P e im eise l I 9U0 ) ,
The s o i l  m o istu re  c o n te n t a t  f i e l d  c a p a c ity  and th e  perm anent 
w il t in g  p e rcen tag e  have been w id e ly  in v e s t ig a te d ,  A s ig n i f ic a n t  d i f f e r ­
ence in  f i e l d  m o istu re  c a p a c ity  between s a l t - d e s e r t  a s s o c ia t io n s  was 
found by  G ates ^  (1 9 5 6 ). No s ig n i f i c a n t  d if fe re n c e  was found fo r
perm anent w i l t in g  p e rcen tag e  however, P a tte n  ( I 963) found th e  perm anent 
w i l t in g  p e rcen tag e  to  be s ig n i f i c a n t ly  d i f f e r e n t  between v e g e ta tio n  
ty p es  i n  th e  Madison Range o f Montana,
A ccording to  Daubenmire (1959) no o th e r  s in g le  v a lu e  of th e  s o i l  
t e l l s  so  much abou t i t s  e c o lo g ic a l  c h a ra c te r  as s o i l  r e a c t io n .  S o i l
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r e a c t io n  appears  to  be an im p o rtan t s o i l  f a c to r  c o n tr ib u tin g  to  p la n t  
d i s t r i b u t io n  (C ro c k e tt  1961;, S tone 19U i, Firem an and Hayward 19^2, 
R ick ard  196$). Firem an and Hayward (1952) found a s o i l  r e a c t io n  
g r a d ie n t  o f d e c re a s in g  m agnitude from th e  S arcobatus v e rm ic u la tu s .
A tr ip le x  c o n f e r t i f o l i a , and th e  A rtem is ia  t r i d e n t a t a  communities o f th e  
E sca la n te  D e se rt of U tah , R ickard  (1965) found t h a t  th e  p resence o f 
S arcobatus v e rm icu la tu s  in f lu e n c e s  s o i l  pH, S o i l  r e a c t io n  was h ig h e s t  
im m ediately  under and around in d iv id u a l  p l a n t s ,  b u t decreased  w ith  
in c re a s in g  d is ta n c e  from th e  p la n t .  K elley  (1922) found t h a t  s o i l  pH 
i s  g e n e ra lly  h ig h e r on d ry  exposed s lo p es  th an  on le s s  exposed s lo p e s .
There i s  a p p a re n tly  no c o n s is te n t  pH in  A rtem is ia  t r i d e n t a t a  s o i l s  
in  w este rn  Montana (Pase 1958). Bolen (1961;) concluded th a t  pH i s  of 
l i t t l e  or no consequence to  th e  lo c a t io n  o f p la n t  communities o f s a l t  
m arshes in  w es te rn  U tah . G ates e t  a l .  (1956) found no r e l i a b le  s t a t i s ­
t i c a l  d if fe re n c e  in  pH betw een th e  s o i l s  o f th e  A rtem is ia  t r i d e n t a t a ,
A t r i p l e x  c o n f e r t i f o l i a , A. n u t t a l l i i , E u ro tia  l a n a t a , and S arcobatus 
v e rm icu la tu s  communities on th e  s a l t - d e s e r t  o f U tah ,
The in f lu e n c e  o f so lu b le  s o i l  s a l t s  on p la n t  p h y sio logy  and d i s t r i ­
b u tio n  has been w id e ly  in v e s t ig a te d .  The c h a r a c te r i s t i c s  o f s a l in e  s o i l s  
and t h e i r  c l a s s i f i c a t i o n  a re  d isc u sse d  b y  th e  U .S . S a l in i t y  L abora to ry  
S t a f f  (1 9 5 k ). E x ten siv e  rev iew s concern ing  th e  e f f e c ts  o f  s a l i n i t y  on 
p la n ts  a re  p re se n te d  by  Hayward and W adleigh ( I9 k 9 ) , M agistad (19k5), 
and B lack  (195V).
I t  i s  g e n e ra l ly  ag reed  t h a t  perm anent w il t in g  of p la n ts  occurs 
when th e  s t r e s s e s  on s o i l  m oistu re  approach 15 atm ospheres (Fox 1957, 
U .S . S a l i n i t y  L abora to ry  S ta f f  195k, R ichards 1957, R ichards and Weaver
-1 3 -
19Ü3). However, many h a lo p h y tes  a re  cap ab le  o f growing on s a l in e  s o i l s  
w ith  a s a l t  c o n te n t s u f f i c i e n t  to  e x e r t  up to  200 atm ospheres o f te n s io n  
on th e  s o i l  m o istu re  (M agistad 19hëf Hayward and W adleigh 19h9)»
There i s  some q u e s tio n  as t o  th e  in d ic a to r  va lue  of many s a l in e  
t o l e r a n t  s p e c ie s .  Under c o n d itio n s  o f freedom from  co m p e titio n , i t  
appears  t h a t  some h a lo p h y tes  can be ex pected  to  be found in  s a l in e  hab­
i t a t s ,  However, under in c re a se d  p re s s u re  from  com petition  th e  more 
s a l t - t o l e r a n t  sp e c ie s  a re  la r g e ly  r e s t r i c t e d  to  s a l in e  s o i l s .  Many 
s p e c ie s ,  such as S arco b a tu s  v e rm icu la tu s  and A tr ip le x  c o n f e r t i f o l i a , 
have a v ery  wide to le ra n c e  range t o  s a l in e  c o n d itio n s  (Hayward and Wad­
le ig h  I 9L9 ) ,  Shantz and P e im eise l ( I 9U0 ) found S arcobatus verm icu la tu s 
on b o th  s a l in e  and n o n sa lin e  s o i l s ,  and concluded th a t  i t s  in d ic a to r  
v a lu e  fo r  s a l in e  c o n d itio n s  i s  q u e s tio n a b le .
The p o s s i b i l i t y  t h a t  S arco b a tu s  v erm icu la tu s  may be a s a l t  to le r a n t  
s p e c ie s ,  b u t  n o t a s a l t  r e q u ir in g  one, has been su g g ested  by Hayward and 
W adleigh (19ii9). S a l t  c o n c e n tra tio n  was found to  be h ig h e s t under 
p la n ts  o f S arcobatus v e rm ic u la tu s , and low er under A tr ip le x  c o n f e r t i f o l i a  
and A rtem is ia  t r i d e n ta t a  p la n ts  (F irem an and Hayward 19^2, R ickard  196^ ) ,  
G ates e t  a l .  (19?6) concluded t h a t  S arcobatus v erm icu la tu s  has a very  
w ide to le ra n c e  ran g e  f o r  s a l i n i t y  c o n d itio n s , and i s  no t b y  i t s e l f  a 
r e l i a b l e  in d ic a to r  o f h igh  s a l t  c o n c e n tra tio n s .
Perhaps one o f th e  most common, w idesp read , and v a r ia b le  h a lo p h y tes  
i s  A t r i p l e x  conf e r t i f o l i a . This shrub sp e c ie s  i s  one o f th e  most drought 
t o l e r a n t  d e s e r t  p l a n t s ,  a b le  to  su rv iv e  p h y s io lo g ic a l  drought b u t  n o t 
p h y s ic a l  d rough t (B i l l in g s  19k9, S te w art e t  a l .  I 9U0 ) ,  B i l l in g s  (19^9) 
found t h a t  A t r i p l e x  c o n f e r t i f o l i a  i s  n o t a r e l i a b l e  in d ic a to r  of s a l i n i t y
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i n  th e  sh ad sc a le  zone of Nevada and e a s te rn  C a l i f o rn ia .  However, t i s s u e  
f lu id s  from t h i s  p la n t  were found to  have osm otic p re ssu re s  as high as 
153 atm ospheres (Hayward and W adleigh 19k9). U su a lly  A t r i p  le x  c o n f e r t i ­
f o l i a  i s  found on s a l t  c o n c e n tra tio n s  lower th a n  S arcobatus verm icu la tu s 
(G ates e t  a l . 1956, R ickard  1965) » Where s a l t  c o n c e n tra tio n s  a re  v e ry  
h igh  in  th e  low er s o i l  h o r iz o n s , A t r i p l e x  c o n f e r t i f o l i a  i s  capab le  of 
s u rv iv in g , b u t i s  u s u a l ly  found on moderate s a l in e  to  n o n sa lin e  s o i l s  in  
th e  n o r th e rn  d e s e r t  shrub  biome of U tah (F a u tin  19U6), S im ila r  r e s u l t s  
were found by Shantz and P ie m e ise l (1 9 ^0 ).
The upper to le ra n c e  l im i t  of s a l t  c o n c e n tra tio n  o f A rtem is ia  t r i ­
d e n ta ta  has been re p o r te d  to  be abou t 1000 ppm. (S tew art e t  19l|0). 
However, Pase (1958) r e p o r te d  A rtem isia  t r i d e n ta ta  in  w estern  Montana 
o c c a s io n a lly  occurs in  s a l t  c o n c e n tra tio n s  as h igh  as 6600 ppm. Under 
th e  most u su a l c ircu m stan ces t h i s  sp e c ie s  i s  n o t an in d ic a to r  of h igh  
s a l t  c o n d itio n s  (G ates e t  a l .  1956, F a u tin  19^6). Shantz and P iem eise l 
( I 9I1O) re p o rte d  i t  as  a common a s s o c ia te  o f S arcobatus v erm icu la tu s  on 
n o n sa lin e  s o i l s .
M ineral com position o f s o i l s  has g e n e ra l ly  shown l i t t l e  or no s ig ­
n i f i c a n t  in f lu e n c e  on p la n t  d i s t r i b u t i o n .  In  most cases o f p o s i t iv e  
in f lu e n c e , th e  cause has been th e  over-abundance o f c e r ta in  c a tio n s  such 
as sodium, r a th e r  th an  a f e r t i l i t y  d e f i c i t  (M agistad 19U5). However, 
W hite ( 1961) concluded t h a t  th e  d i s t r ib u t io n  of Andropogon sc o p a riu s  on 
m ic ro rid g es  in  South Dakota was c o n tro lle d  by s o i l  f e r t i l i t y .  Nixon 
( I 96L) r e p o r ts  t h a t  th e  d i s t r ib u t io n  o f Lupinus te x e n s is  i s  la r g e ly  
r e s t r i c t e d  due to  n itro g e n  and calcium  d e f ic ie n c ie s  in  s o i l .
G ates e t  a l ,  (1956) conducted e x te n s iv e  s o i l  chem ical an a ly ses  o f
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th e  s o i l s  o f f iv e  c o n so c ia tio n s  in  th e  s a l t - d e s e r t  o f U tah, T he ir 
an a ly ses  have shown th a t  th e re  i s  no s ig n i f i c a n t  s t a t i s t i c a l  d if fe re n c e  
among th e  v a r io u s  v e g e ta tio n  ty p es  f o r  exchangeable sodium, base 
exchange c a p a c i ty ,  exchangeable p o tass iu m , p e rc e n t lim e , and so lu b le  
sodium, ca lc ium , magnesium, po tass iu m , c h lo r id e s ,  s u l f a t e ,  ca rb o n a te s , 
and b ic a rb o n a te s .  Fireman and Hayward (1 9 5 2 ), Hayward and W adleigh 
( I 9U9 ) and R ick ard  (1965) have found S arcobatus v e rm icu la tu s  to  be very  
t o l e r a n t  o f h ig h  exchangeable sodium c o n te n ts ,  b u t i t s  d i s t r ib u t io n  to  
be i n d i f f e r e n t  to  i t .  A t r i p l e x  c o n f e r t i f o l i a  i s  m oderately  to le r a n t  o f 
h ig h  exchangeable sodium c o n te n ts  (G ates ^  a l ,  1956, Hayward and Wad­
le ig h  191:9).
P hysiog raph ic  E f fe c ts  on P la n t D is tr ib u t io n
The p rim ary  p h y sio g rap h ic  e f f e c t s  on p la n t  d i s t r ib u t io n  a re  
d i r e c t ly  ex p ressed  in  term s o f m oistu re  r e l a t io n s ,  as i n d i r e c t ly  i n f l u ­
enced by exposure, s lo p e , and p o s i t io n  on th e  slope (N ichols 1923a, Dix 
1958). Exposure a f f e c t s  th e  amount of s o la r  in s o la t io n  reach in g  th e  
ground su rfa c e  ex p ressed  in  term s o f h e a t energy  and e f f e c t s  o f d ry in g . 
The degree  o f s lo p e  i s  a ls o  r e l a t e d  to  m o istu re  c o n d itio n s  and s o la r  
in s o la t io n  i n t e n s i t y .  The p a r t i c u la r  p o s i t io n  on the  s lo p e  occupied by 
a p la n t  i s  s ig n i f i c a n t  from th e  s ta n d p o in t o f m oistu re  ru n o f f .
I n  a re a s  o f rugged r e l i e f ,  to p o g r ^ h ic  c o n d itio n s , th rough  th e i r  
in f lu e n c e  on m o istu re  r e l a t i o n s ,  seem to  be of th e  g r e a te s t  e c o lo g ic a l  
im portance (N icho ls  1923b), I t  i s  a p p a ren t t h a t  in  th e  N orthern  Hemi­
sp h ere  n o r th  exposures u s u a lly  p ro v id e  more m esic h a b i ta ts  th an  sou th  
ex p o su re s , C o t t le  (1932) e x p la in s  t h a t  th e  r e l a t i v e l y  x e r ic  v e g e ta tio n
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on so u th  exposures d i f f e r s  from th e  m esic communities on n o r th  fac in g  
s lo p e s  p r im a r i ly  as a fu n c tio n  o f a v a i la b le  s o i l  m o is tu re . Daubenmire 
and S lip p  (19U3) a t t r i b u t e d  th e  d if f e re n c e s  in  v e g e ta tio n  on n o rth  and 
sou th  exposures as b e in g  one o f w a te r b a la n c e .
Although p r e c ip i ta t io n  may be eq u a l on a l l  exposures of an a re a , 
h ig h e r  wind v e lo c i t i e s  coupled  w ith  g r e a te r  in s o la t io n  re c e iv e d , t r a n ­
s p i r a t io n ,  and ev ap o ra tio n  may acco u n t f o r  th e  more x e r ic  v e g e ta tio n  
o ccu rrin g  on so u th  s lo p es  (Daubenmire and S lip p  19^3, P a tte n  1963, Webb 
I 96U ). A s ig n i f i c a n t  d if f e re n c e  between n o r th  and so u th  s lo p es  was 
found fo r  s o i l  m o istu re  c o n te n t ,  s o i l  tem p e ra tu re , a i r  tem pera tu re  and 
vapor p re s su re  d e f i c i t  by Ayyad and Dix (1 9 6 k ). T h e ir  s tu d y  o f th e  
v eg e ta tio n -m ic ro en v iro n m en ta l complex o f  th e  p r a i r i e  s lo p es  of 
Saskatchew an in d ic a te d  t h a t  f o r  th e  n in e  d i f f e r e n t  exposures s tu d ie d , 
s o i l  m o istu re  and h e a t  reg im es of th e  s o i l  la y e rs  c o n tro lle d  th e  d i s ­
t r i b u t io n  of v e g e ta tio n ,
Ayyad and Dix ( 196k) found th e  g r e a te s t  d if fe re n c e  in  m icro- 
c l im a tic  elem ents to  be between n o r th -n o r th -e a s t  and so u th -so u th -w es t 
ex p o su res . They f e e l  t h a t  th e  g r e a te s t  d if fe re n c e s  a re  n o t between 
n o r th  and sou th  s lo p es  because  o f th e  m oderating e f f e c ts  of m o is tu re ,
A la rg e  p a r t  of th e  forenoon  m o istu re  in  th e  s o i l  and v e g e ta tio n  i s  
d is s ip a te d  by e v ap o ra tio n  on e a s t  s lo p es  in  th e  m orning. By a fte rn o o n  
th e  s o i l  s u rfa c e  i s  co m p ara tiv e ly  d ry  b e fo re  th e  maximum s o la r  r a d ia t io n  
re ac h e s  th e  so u th -w est s lo p e s .  By th e  tim e s o la r  in s o la t io n  i s  d i r e c t l y  
r e c e iv e d , th e  p la n ts  have l o s t  tu rg o r ,  and th e  energy  re c e iv e d  i s  a p p lie d  
l a r g e ly  tow ard an in c re a s e  in  tem p era tu re .
The r e la t io n s h ip  betw een v e g e ta tio n  d i s t r ib u t io n  and exposure was
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found to  be  more a p p a re n t than  th a t  w ith  e le v a t io n  in  th e  Madison Range 
o f  Montana (P a tte n  1963). P a tte n  ( I 963) found g ra ss la n d s  on a l l  expo­
s u re s .  However, Pase (1958) found t h a t  t h i s  sp e c ie s  was norm ally  con­
f in e d  t o  n o r th  s lo p e s  and sw ales th ro u g h o u t i t s  ran g e  in  w estern  
M ontana. Where g raz in g  had reduced  th e  degree  o f co m p etitio n  w ith  
g r a s s e s ,  A rtem is ia  t r i d e n t a t a  was found on th e  more x e r ic  so u th  s lo p e s .
The b a s a l  a re a  o f woody sp e c ie s  was found to  in c re a se  over t h a t  of 
herbaceous sp e c ie s  on n o r th  exposures on th e  W ich ita  M ountains W ild life  
Refuge in  Oklahoma (Buck 196 i|). Herbaceous v e g e ta tio n  reach ed  i t s  
g r e a te s t  b a s a l  a rea  on so u th , e a s t ,  and w est exp o su res . Gumming (1953) 
found s im ila r  r e s u l t s  f o r  th e  range v e g e ta tio n  i n  th e  d e s e r t  g ra ss la n d s  
and oak woodlands of A rizona.
Coupland (1950, I 961) has in d ic a te d  th a t  th e re  i s  a s tro n g  e f f e c t  
o f topography on p la n t  su cc e ss io n  in  th e  g ra ss la n d s  of th e  n o r th e rn  
G rea t P la in s .  Exposure a c ts  as a com pensatory mechanism to  r e l i c t  
s ta n d s  during  p e r io d s  o f  c l im a tic  s h i f t .  Exposure a ls o  p ro v id es  
numerous h a b i ta t s  capab le  o f su p p o rtin g  postc lim ax  or p rec lim ax  com­
m u n itie s  w ith in  th e  clim ax fo rm atio n  (Clem ents 1928, 193U)* Clements 
( I 93U) c l a s s i f i e d  r e l i c t  v e g e ta tio n  in to  two c la s s e s  based  on th e  com­
p e n sa to ry  f e a tu re s  a ffo rd e d  by exposure . M esoclines occur on co o l m oist 
s lo p e s ,  and r e p re s e n t  th e  p o s tc lim a x , w hile  th e  x e ro c lin e  re p re s e n ts  the  
p rec lim ax  community on warm, d ry  s lo p e s .
In  th e  su b a lp in e  zone o f th e  W asatch P la teau  o f U tah, E ll is o n  
(195U) co n s id e red  topography to  be o f g r e a te r  im portance to  th e  d i s t r i ­
b u tio n  o f v e g e ta tio n  than  s o i l s  or p a re n t  m a te r ia ls ,  A s t r ik in g  fe a tu re  
o f th e  p rim ary  su ccess io n  of th e  v e g e ta tio n  i s  th e  in v a s io n  by t r e e s  and
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sh rab s  on ta lu s  s lo p es  and co lluv ium  d e p o s its  on n o r th  exposures, 
r e g a rd le s s  of th e  degree o f s lo p e  ( E l l i s o n  195^).
The degree o f s lo p e  r e f l e c t s  s o i l  m oistu re  c o n d itio n s  and s o la r  
in s o la t io n ,  and i s  i n t r i c a t e l y  r e l a t e d  to  s lo p e  exposu re . In  the  L i t t l e  
M issouri Badlands of N orth D akota, Dix (1958) found c lo se  s im i l a r i t i e s  
in  th e  v e g e ta tio n  on opposing e a s t  and w est exposures where th e  degree 
of s lo p e  was s im i la r .  Although e a s t  s lo p es  m ight be con sid e red  le s s  
x e r ic ,  a g r e a te r  com parative degree  of s lo p e  may ren d er i t s  h a b i ta t  more 
x e r ic  (Dix 1958), Sampson (1939) in d ic a te s  t h a t  sp e c ie s  r e s t r i c t e d  to  
p a r t i c u la r  s lo p e  a n g le s  may be s ig n i f i c a n t  in d ic a to r s  o f m oistu re  con­
d i t io n s  .
E ll is o n  (195U) f e l t  t h a t  fo r  a g iven  s ta g e  in  th e  landform  c y c le , 
a g e n tle  s lo p e  i s  o r d in a r i ly  o ld e r  and more s ta b le  than  s te e p e r  s lo p e s . 
He found th a t  in c re a se d  s o i l  s t a b i l i t y  on g e n tle  s lo p es  sup p o rted  herb 
communities which he co n s id e red  s u c c e s s io n a lly  more advanced than  
sh ru b lan d  and f o r e s t  ty p e s . On t a lu s  s lo p es  in  n o r th e rn  Id ah o , Dauben­
m ire and S lip p  (19^3) found th a t  s t a b i l i t y  o f th e  ta lu s  m a te r ia l  i s  a 
p r e r e q u is i t e  to  clim ax developm ent,
A c lo se  c o r r e la t io n  betw een s te e p n ess  of s lo p e  and v e g e ta tio n  
ty p es  was observed by P a tte n  (1963). Three su c c e ss io n a l f o r e s t  ty p e s , 
P inus c o n to r t a , P . c o n to r ta -P ic e a -A b ie s , and P icea-A bies occur predom­
in a t e ly  on s lo p e s  seldom over 30 d eg re e s . Pseudotsuga m en z ie s ii was 
o f te n  found on s lo p e s  over 30 d eg re e s . Permanent p la n t  c o lo n iz a tio n  on 
s te e p  ro c k s l id e s  was lack in g  because  s te e p n e ss  o f s lo p e  p rev en ted  vege­
t a t i v e  s t a b i l i z a t i o n  (P a tte n  I 963) .  Shantz and P iem e ise l ( I 9U0 ) found 
t h a t  degree o f s lo p e  i s  th e  p r in c ip a l  f a c to r  s e p a ra tin g  th e  A rtem is ia
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and Jn n ip e ru s  a s s o c ia t io n s  o f th e  E sc a la n te  V alley  in  U tah , Where 
s lo p e s  a re  v e ry  s te e p ,  ex c e ss iv e  w ate r ru n o f f ,  la n d s l id e s ,  and e a r th -  
flow s i n h i b i t  v e g e ta tio n  s t a b i l i z a t i o n  (P a tte n  1963, Dix 1958).
On th e  s c o r ia  and c la y  b u t te s  o f w es te rn  N orth D akota, degree of 
s lo p e  la r g e ly  c o n tro ls  th e  s ta g e  o f p la n t  su c ce ss io n  (Whitman and 
Hanson 1939). S teep  s lo p es  up to  6o degrees su p p o rt s c a t te re d  p la n ts  
o f  A rte m is ia  t r i d e n t a t a , A tr ip le x  c o n f e r t i f o l i a , S arcobatus verm icu-  
l a t u s , and o th e r  sh ru b s , w h ile  l e s s  s te e p  s lo p es  su p p o rt s tan d s  o f 
bunchgrasses and r e p re s e n t  a l a t e r  s ta g e  o f su cc e ss io n .
The degree o f s lo p e  i s  i n f l u e n t i a l  in  de term in ing  th e  d i s t r ib u t io n  
o f s a l t - d e s e r t  p la n ts  (S tew art e t  a l ,  19kO, Shantz and P iem e ise l I 9L0 ,  
F a u tin  I 9L6 ) ,  S tew art e t  ( I 9U0 ) found th a t  on d ry  s lo p es  th e  
s o lu b le  s a l t  c o n c e n tra tio n  in c re a s e s  w ith  depth  below th e  s o i l  s u r fa c e .
On f l a t  p lay as  th e  h ig h e s t  s a l t  c o n c e n tra tio n  i s  a t  th e  s o i l  s u r fa c e .
The more s a l in e  t o l e r a n t  sp e c ie s  a re  con fined  to  th e  bo ttom lands, w h ile  
th e  bunchgrasses and Ju n ip e ru s  s ta n d s  occur on n o n sa lin e  upland s o i l s .  
Shrubs t h a t  a re  t o l e r a n t  of m oderate s a l in e  co n d itio n s  a re  th e  most 
im p o rtan t co m p etito rs  w ith  g ra sse s  on th e  up land s o i l s .
The h a b i t a t  a t  v a rio u s  e le v a t io n s  on th e  same s lo p e  may d i f f e r  fo r  
many re a so n s . One o f th e  most im p o rtan t f a c to rs  a f f e c t in g  h a b i ta t  
s lo p e -p o s it io n  i s  th e  amount of w ater re c e iv e d  or l o s t  by r u n o f f .  Upper 
s lo p e  p o s i t io n s  may be exposed to  g r e a te r  wind v e lo c i t i e s  (Weaver and 
Clem ents 1936), and g r e a te r  w ater d ra in ag e  (Ayyad and Dix I 96U). D if fe r ­
ences in  v e g e ta t iv e  cover on th e  s lo p e  a f f e c t  th e  h e a t  and m oistu re  
b a la n c e  n ea r th e  s o i l  s u rfa c e  (Ayyad and Dix I 96L) .
Dix (1958) found th a t  low er p o s it io n s  on s lo p es  a re  a re a s  o f b o th
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d e p o s it io n  and e ro s io n  as th e  r e s u l t  o f w a te r ru n o ff  from s te e p e r  s lo p e s  
above. Where ru n o ff  e n te r s  low er s lo p e  s u rfa c e s  a t  a r a t e  to o  f a s t  to  
p e rm it i n f i l t r a t i o n ,  h igh  e ro s io n  damage and s i l t i n g  may r e s u l t .
Ayyad and Dix ( I 96U) found t h a t  s o i l  tem p era tu re s  on upper and 
m iddle p o s i t io n s  a re  warmer th an  low er ones. A ir tem peratu re  and vapor 
p re s s u re  d e f i c i t  d id  n o t v ary  s ig n i f i c a n t ly  from one p o s it io n  to  
a n o th e r . V a r ia tio n s  in  s o i l  m o istu re  c o n ten t proved to  be s ig n i f i c a n t  
i n  most in s ta n c e s .  They found g ra d u a l c o n s is te n t  in c re a se s  in  s o i l  
m o istu re  from upper to  low er p o s i t io n s .  For t h i s  reaso n  lower p o s it io n s  
u s u a lly  su p p o rt a denser v e g e ta tio n  th a n  upper p o s it io n s  (Ayyad and Dix
I 96U).
DESCRIPTION OF THE STUDT AREA
L o catio n
The a re a  s e le c te d  f o r  s tu d y  i s  on th e  A shland D iv is io n  o f th e  
C uster N a tio n a l F o re s t  in  s o u th e a s te rn  Montana. The s tu d y  a re a  occupies 
p o r tio n s  o f  w es te rn  Powder R iver and so u th e a s te rn  Rosebud c o u n tie s , and 
l i e s  ap p ro x im ate ly  130 m iles  e a s t  o f B i l l in g s ,  and 30 m iles w est of 
B roadus, M ontana, The a re a  encompasses ab o u t hhS,000 ac res  w ith in  th e  
N a tio n a l F o re s t  boundary, and o f th i s  about 2^,000 ac re s  a re  p r iv a te ly  
owned.
F ig u re  1 i s  a map o f Montana showing th e  lo c a t io n  o f th e  s tu d y
a re a .
Geology
Most of th e  su rfa c e  geology of e a s te rn  Montana belongs to  th e  F o r t  
Union fo rm a tio n . The Ashland D iv is io n  and most of th e  surrounding  
co u n try  belong to  the  Tongue R iver member o f th e  F o r t  Union fo rm ation  
(W arren 19^9). The g e o lo g ic a l  m a te r ia l  of t h i s  fo rm ation  i s  o f P a leo -  
cene age , having been d ep o s ited  by f r e s h  w ater stream s o r ig in a t in g  from 
m ountain so u rces  to  th e  w est (Warren 1959). These sedim ents o r ig in a te d  
in  th e  N orth American c e n t r a l  c o r d i l le r a n  and were d ep o sited  fo llow ing  
th e  u p - l i f t  o f th e  Rocky M ountains du ring  th e  low er C retaceous p e rio d  
(S ch u ch ert and Dunbar 19L5).
The c o n ta c t between th e  F o r t  Union fo rm ation  above, and th e  d in o ­
sau r f o s s i l - c o n ta in in g  Laramie sedim ents below i s  co n sid e red  th e  sep a­
r a t i o n  betw een th e  C retaceous p e r io d  and th e  Paleocene epoch o f
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Figure 1 . Map of Montana showing the loca tion  o f the study area and
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g e o lo g ic a l  tim e (S ch u ch ert and Dunbar 19hS)» The F o r t  Union sedim ents 
c o n ta in  f o s s i l s  o f  e a s te rn  b ro a d le a fe d  deciduous f lo r a  and s h e l l s  of 
m o llu sk s , b u t  do n o t c o n ta in  d in o sau r f o s s i l s  (Warren 1959). P e t r i f i e d  
lo g s  and l e a f  im p rin ts  o f b ro a d le a f  v e g e ta tio n  a re  abundant th roughou t 
th e  s tu d y  a re a .
The w eakly c o n so lid a te d  sed im en tary  ro ck s  o f th e  s tudy  a rea  c o n s is t  
o f  n e a r ly  l e v e l  beds of san d sto n e , s i l t y  san d s to n e , c la y  s h a le s ,  and 
l i g n i t e .  The many le n se s  o f l i g n i t e  in d ic a te  t h a t  shallow  b ra c k ish  seas 
were p r e s e n t  a t  d i f f e r e n t  in te r v a l s  of tim e during  th e  Paleocene epoch 
(S ch u ch ert and Dunbar 19L 5 ). Where e x te n s iv e  beds o f l i g n i t e  have 
b u rn ed , a d ja c e n t sh a le  s t r a t a  have been baked r e s u l t in g  in  a re d d ish  
iro n -o x id e  c o lo red  p o r c e l la n i te  m a te r ia l  (Warren 1959). L o c a lly  th i s  
re d d ish  p o r c e l la n i te  i s  c a l le d  s c o r ia  or c l in k e r .
A lluvium  d e p o s its  o f Q uaternary  age compose the  stream  and r i v e r  
v a l le y s .  T erraces  o f  p rim ary  d ra in ag es  a re  composed of sands and 
g ra v e ls  o f igneous o r ig in ,  w hile  th e  a lluv ium  d e p o s its  o f secondary  
d ra in ag es  a re  composed o f p o r c e l la n i te  and sandstone (W arren 1959).
D rainage and R e l ie f
D rainage o f th e  s tu d y  a re a  i s  accom plished p r im a r i ly  by th e  Tongue 
and Powder R iv e rs , which a re  lo c a te d  on th e  w est and e a s t  boundaries  of 
th e  A shland D iv is io n , The p r in c ip a l  d ra in ag e  w ith in  th e  s tu d y  a rea  i s  
O tte r  C reek , which flow s from th e  so u th  and d ra in s  in to  th e  Tongue R iver 
to  th e  n o r th .  The many t r i b u t a r i e s  of O tte r  Creek a re  o r ie n te d  in  e a s t -  
w est d i r e c t io n s ,  le av in g  sou th  and n o r th  fa c in g  s lo p es  dom inant i n  th e  
s tu d y  a r e a .  The p rim ary  d ra in ag es  ru n  w ater th ro u g h o u t th e  y e a r , w hile
secondary  d ra in ag es  and t h e i r  t r i b a t a r i e s  ru n  w ater on ly  during  p e rio d s  
o f snowmelt or fo llo w in g  h igh i n t e n s i t y  summer s to rm s.
Most o f th e  m ajor s tream s w ith in  th e  s tu d y  a re a  a re  slow runn ing  
and w id e ly  m eandering. The p r in c ip a l  d ra in ag e  channels a re  u s u a lly  
b ro ad  v a l le y s  up to  o n e -h a lf  m ile  w ide , w ith  o ld  stream  le v e ls  w e ll 
d e f in e d  as t e r r a c e s  above th e  p re s e n t  f lo o d  p la in .
Most o f so u th e a s te rn  M ontana, In c lu d in g  th e  Ashland D iv is io n , i s  a 
p o r tio n  o f an e x te n s iv e  i n t r i c a t e l y  d is s e c te d  u n g la c ia te d  p la te a u .
Narrow r id g e s  and g e n t ly  r o l l i n g  topography a re  a l l  th a t  rem ain o f th e  
p la te a u  in  th e  n o r th e rn  p o r tio n  o f th e  s tu d y  a re a .  In  th e  c e n tr a l  and 
so u th e rn  p o r tio n s  s te e p  so u th -s lo p ed  s u rfa c e s  exposing c o lo r fu l  g e o lo g i­
c a l  s t r a t a  a re  common. I n  some p la c e s  th e se  exposed s u rfa c e s  a re  found 
on w est and e a s t  fa c in g  exposures where th e  s lo p e s  a re  v e ry  s te e p . The 
vary in g  degrees o f r e s i s ta n c e  to  e ro s io n  o f th e  v a rio u s  s t r a t a  a re  d i s ­
p lay e d  as a s e r ie s  o f up land  benches in  some p la c e s .  N orth exposures 
a re  u s u a l ly  le s s  s te e p  w ith  more uniform  s lo p e s .
The maximum r e l i e f  o f th e  s tu d y  a re a  i s  about lUOO f e e t ,  rang ing  
from 3000 to  kkOO f e e t  in  e le v a t io n .  On th e  s te e p  rugged b reak s  o f th e  
m ajor d ra in ag es  r e l i e f  of 500 f e e t  or more may occur w ith in  d is ta n c e s  of 
o n e -fo u r th  m ile  or l e s s .
The bad land  topography  o f th e  s tu d y  a re a  i s  composed of ou tcrops of 
sh a le  and sandstone  on s te e p  s lo p e s .  N early  le v e l  s t r a t a  of in te rb e d d e d  
s h a le s  o f b lu e -g ra y  to  g ray  c la y  and b u f f -c o lo re d  s i l t  beds vary ing  in  
th ic k n e s s  from a few inches to  s e v e ra l  f e e t  a re  exposed on s te e p  so u th  
s lo p e s .  These s t r a t a  a l t e r n a te  w ith  each o th e r ,  w ith  o cc a s io n a l beds o f 
l i g n i t e  c o a l s e p a ra tin g  th e  le n se s  o f c la y  and s i l t .  A t v ario u s  le v e ls
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m assive o u tc ro p p in g s  o f san d sto n e  and s i l t s t o n e  a re  exposed, o f te n  
exceeding  30 f e e t  i n  th ic k n e s s .
The g e n e ra l  landform  o f  th e  bad lands d isp la y s  s e v e ra l  d i s t in c t iv e  
to p o g ra p h ic a l f e a tu r e s .  I n  some p la c e s  th e  bad land  topography grades 
i n to  b road  r o l l i n g  upland benches where th e  s h a le  s lo p es  a re  capped 
w ith  p o r c e l l a n i te .  Where th e  p o r c e l la n i te  beds have been eroded away, 
or where th e y  were never form ed, th e  g en e ra l bad lan d  topography tak es  on 
a  b u t te  or m esa -lik e  ap p earan ce . The m esa -lik e  landform  ta k e s  on th e  
appearance o f a f l a t  ta b le - to p  capped w ith  m assive san d sto n e , w h ile  th e  
b u t te s  have an i r r e g u la r ly  d e fin ed  to p  as th e  r e s u l t  o f d i f f e r e n t i a l l y  
eroded  c la y  sh a le s  and s i l t  b ed s . I n  some p la c e s  rem nants o f badlands 
rem ain as cone-shaped k n o lls  or as  m assive san d sto n e  p i l l a r s  and i r r e g u ­
l a r  p i l l a r s .  There i s  some in d ic a t io n  th a t  p o rc e lla n ite -c a p p e d  cones 
a re  more r e s i s t a n t  to  e ro s io n , and p e r s i s t  fo r  lo n g er p e rio d s  of geolog­
i c a l  time*
V eg eta tio n  and S o ils
The g e n t ly  r o l l i n g  upland benches above th e  badlands and d ra inage  
te r r a c e s  below , a re  composed p r im a r i ly  o f m id-grass v e g e ta tio n . The 
p r in c ip a l  sp e c ie s  in c lu d e  s tan d s  of Agropyron s m i th i i , S t ip a  v i r i d u l a ,
S . comat a , and Fest u ca id a h o e n s is . On n o rth  s lo p es  below th e  upland 
benches th e  p r in c ip a l  v e g e ta tio n  i s  composed o f Pinus ponderosa s ta n d s , 
w ith  some lo c a l iz e d  pockets  of Ju n ip e ru s  scorpulorum . Pine woodlands 
grade in to  g e n tly  s lo p in g  stream  te r r a c e s  of g ra ss la n d  v e g e ta tio n .
The d iv e r s i t y  in  env ironm enta l c o n d itio n s  o f th e  bad land  topography 
p ro v id e s  a v a r i e ty  of p la n t  communities m ostly  composed of shrubs and
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b u n c h g ra sse s . On s te e p  sou th  s lo p es  o f s c o r ia  r id g e s  Rhus t r i l o b a t a  i s  
th e  dom inant s p e c ie s ,  w ith  s c a t te r e d  Agropyron sp icatum  as th e  p r in c ip le  
subdom inant. The s te e p e r  exposed s u rfa c e s  o f  w eathered  sh a le  a re  
s p a rs e ly  covered  w ith  s c a t te r e d  s ta n d s  o f mixed A t r i p l e x  conf e r t i f  o l ia  
and A rtem is ia  t r i d e n t a t a . On th e se  s te e p  su rfa c e s  th e  v e g e ta tio n  o fte n  
appears  to  occur in  su c c e ss iv e  narrow  p a r a l l e l  bands along th e  con tour 
o f th e  s lo p e  (se e  F ig u re  U), Talus s lo p e s  su p p o rt a denser cover of 
A rtem is ia  t r i d e n t a t a , A tr ip le x  c o n f e r t i f o l i a , and Agropyron sp ica tum . 
S tands o f S arco b a tu s  v e rm ic u la tu s  a re  common where h igh  co n cen tra ­
t io n s  o f s a l t s  accum ulate on th e  s o i l  s u r fa c e ,  S arcobatus verm icu la tu s  
com m unities a re  m ost common on low er s lo p es  and f l a t  a r e a s ,  b u t may be 
found on t a lu s  s lo p e s  or s te e p  s u rfa c e s  of exposed s t r a t a  as w e ll .
The deeper s id e  d ra in ag es  of th e  badland s lo p e s  su p p o rt s tan d s  of 
P inus ponderosa and Ju n ip e ru s  scopulorum . A djacen t to  th e  g ra ss la n d  
v e g e ta tio n  o f th e  d ra in ag e  te r r a c e s  colluvium  d e p o s its  from s tee p  
s lo p e s  above and k n o b -lik e  rem nants o f  sandstone outcrops and columns 
su p p o rt s c a t te r e d  s tan d s  o f p ine  and  ju n ip e r .  S c a t te re d  p a tch es  of 
P inus ponder os a on sandstone  caps rimming th e  tops o f b u t te s  and mesas 
a re  common,
A sp ec ie s  l i s t  o f a l l  o f  th e  p la n ts  found on th e  badlands o f so u th ­
e a s te rn  Montana i s  in c lu d e d  in  Appendix 1,
The g eo lo g ic  m a te r ia ls  of th e  s tu d y  a re a  a re  the  p r in c ip a l  p a re n t 
m a te r ia ls  o f  th e  developed  s o i l s .  The r e la t io n s h ip s  between p a re n t 
m a te r ia ls  and s o i l s  a re  r e f l e c te d  in  term s of th e  amount of sand , s i l t ,  
and c la y  p r e s e n t .  The dominant s o i l  te x tu re s  a re  s i l t  loams and c la y  
loam s, w ith  some lo c a l iz e d  a re a s  o f sandy loams n ea r sandstone o u tc ro p s .
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S o i l  developm ent i s  p r in c ip a l ly  a f e a tu re  o f upland benches and 
d ra in ag e  te r r a c e s  su p p o rtin g  g r a s s e s ,  and m oderate n o rth  s lo p es  su p p o rt­
ing  P inus ponderosa and Ju n ip e ru s  scopulorum  woodland. These s o i l s  a re  
p r im a r i ly  o f  th e  C h es tn u t, Brown, R eg o sa l, L i th o s o l ,  and S o lod ized  
S o lo n e tz  g r e a t  s o i l  g ro u p s. Some of th e  mois t e r  f o re s te d  s o i l s  in  some 
a re a s  a r e  o f th e  G ray Wooded g r e a t  s o i l  g roup .
S o i l  developm ent i s  n o t a f e a tu re  of th e  bad lan d  topography how­
e v e r , a lth o u g h  r e s t r i c t e d  a re a s  o f shallow  s o i l s  and L ith o so ls  may be 
found in  some lo c a l iz e d  a r e a s .  For th e  most p a r t  exposed geo lo g ic  
m a te r ia l  and mixed colluvium  a re  th e  p r in c ip a l  s o i l  m a te r ia ls  o f  t h i s  
landform . The l im ite d  s o i l  developm ent t h a t  has occu rred  i s  on th e  
g e n t le r  ta lu s  s lo p e s  and on lo c a l iz e d  benches sh a llo w ly  u n d e rla in  by  
sa n d s to n e .
T alus m a te r ia l  ten d s  to  accum ulate on benches, g e n tle  s lo p e s , and 
a t  th e  b ases  o f s te e p  so u th  s lo p e s  o f th e  bad land  landform . This 
m a te r ia l  i s  p r im a r i ly  c o l lu v ia l ,  ran g in g  in  dep th  from a few in ch es  to  
s e v e ra l  f e e t ,  and i s  composed o f  w eathered  fragm ents o f san d sto n e , s i l t -  
s to n e , c la y  s h a le ,  and p r o c e l la n i te .  Detached fragm ents o f sandstone 
and s i l t s t o n e  f la g  m a te r ia l  ran g in g  in  s iz e  from s e v e ra l  inches to  
s e v e ra l  f e e t  in  d iam ete r a re  common c o n s ti tu e n ts  o f th e se  ta lu s  s lo p e s .  
On m o d era te ly  s te e p  s lo p e s  colluvium  accum ulates to  depths o f about one 
or two f e e t .  On th e  to e s  o f th e  s te e p e r  so u th  s lopes mounds o f c o l lu ­
vium accum ulate to  g r e a te r  depths o f la rg e  sandstone and s i l t s t o n e  
fra g m e n ts ,
During th e  course of th e  s o i l  su rv ey  conducted by th e  U. S . F o re s t 
S e rv ic e  on th e  A shland D iv is io n , s o i l s  were grouped g e o g ra p h ic a lly  in to
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s o i l  management a r e a s .  The b ad lan d  topography  was grouped in to  a s in g le  
s o i l  management a re a  r e f e r r e d  to  by th e  s o i l  s c i e n t i s t  as th e  Midway 
sh a le  o u tc ro p . In  g e n e ra l ,  th e  term s bad land  and sh a le  outcrop can be 
used  in te rc h a n g e a b ly  to  mean th e  same to p o g rap h ic  landform . A pproxi­
m ate ly  8^,000 a c re s  o f t h i s  landform  have been mapped on n a t io n a l  f o r e s t  
la n d .
The main b ig  game sp e c ie s  p re s e n t  in c lu d e  mule deer and a n te lo p e . 
Game b i r d s  in c lu d e  tu rk e y s , p h e a sa n ts , sage g ro u se , and s h a r p ta i l  
g ro u se . O ther w i ld l i f e  sp e c ie s  in c lu d e  c o y o te s , p r a i r i e  dogs, b o b ca ts , 
and ra c o o n s . S ta b le r  (1939) has made some in te r e s t in g  o b se rv a tio n s  
concern ing  th e  mammals o f th e  b ad lands o f South D akota, On bad land  
b u t te s  he found p o p u la tio n s  o f th e  bad land  chipmunk, Osgood deer mouse, 
p a le  bushy t a i l e d  w oodrat, w h i te - ta i le d  jack  r a b b i t ,  and Wyoming c o tto n ­
t a i l ,  He in d ic a te s  th a t  on b u t te  s lo p e s  devoid o f v e g e ta tio n , th e re  i s  
a s tro n g  p e la g e - s o i l  c o lo r  c o r r e la t io n  between mammals and g e o lo g ic a l 
m a te r ia l .
C lim ate
The m id -c o n tin e n ta l p o s i t io n  of th e  mixed p r a i r i e  g ra ss la n d  i s  so 
s i tu a te d  th a t  i t  i s  s u b je c t  to  g r e a t  v a r ia t io n s  in  w eather c o n d itio n s  
(B o rc h e rt 19^0, Coupland 19^8, Thornthw aite 19Ul)* The c o n tin e n ta l  
n a tu re  o f th e  c lim a te  of t h i s  re g io n  has been c h a ra c te r iz e d  as d ry -  
subhumid to  semi a r i d ,  b u t ev ery  k in d  of c lim a te  from a r id  to  humid has 
been re c o rd e d  (T horn thw aite  19^1).
The c lim a te  o f th e  s tu d y  a re a  has been d e sc rib e d  as having co ld  
w in te r s ,  warm summers, and g r e a t  v a r ia t io n s  i n  se a so n a l p r e c ip i ta t io n
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(Dightman I 963) .  N orm ally abou t th re e - fo u r th s  o f th e  annual p r e c ip i ta ­
t io n  i s  r e c e iv e d  du ring  th e  months o f A p r i l  th rough Septem ber, w ith  May 
and June b e in g  th e  w e t te s t  m onths. For th e  most p a r t ,  the  lower e le v a ­
t io n s  (below  abou t 3300 f e e t )  re c e iv e  abou t 12 to  13 inches of annual 
p r e c ip i t a t i o n ,  w h ile  th e  upper e le v a tio n s  re c e iv e  as  much as 18 in c h e s .
I t  appears t h a t  th e  p r e c ip i ta t io n  d a ta  reco rd ed  a t  e s ta b lis h e d  
w eather s ta t io n s  a re  n o t e n t i r e ly  in d ic a t iv e  o f th e  r a i n f a l l  re c e iv e d  
on th e  a re a s  on which th e  s tu d y  was made. Most o f the w eather s ta t io n s  
a re  lo c a te d  a t  e le v a tio n s  below 3300 f e e t ,  whereas th e  s tu d y  was con­
d ucted  m ostly  above t h i s  e le v a t io n .  A t th e  form er F le tc h e r  Ranch 
lo c a te d  17 m iles sou th  of A shland, and a t  an e le v a tio n  of 3900 f e e t ,  th e  
annual average p r e c ip i t a t io n  was 18,96 inches f o r  th e  y ears  19UO-19t7* 
The average annual p r e c ip i ta t io n  a t  th e  A shland Ranger S ta t io n  in  th e  
town o f A shland, lo c a te d  a t  an e le v a tio n  o f 29^0 f e e t ,  was 1^,25 in ch es 
f o r  th e  same p e r io d . These d a ta  in d ic a te  t h a t  perhaps lo c a l  topography 
has a s ig n i f i c a n t  e f f e c t  on p r e c ip i ta t io n  in  th i s  a re a .  A lso , th e se  
d a ta  in d ic a te  t h a t  th e  a c tu a l  annual p r e c ip i ta t io n  on th e  a reas  s tu d ie d  
i s  p ro b ab ly  over l5  in c h e s .
The h istog ram s in  F ig u re  6 compare th e  average monthly p r e c ip i ta ­
t io n  f o r  th e  p e r io d  19iiO-19ii7 fo r  th e se  two a re a s .
The average annual sn o w fa ll i s  ab o u t 30 inches in  th e  v a l le y s ,  b u t 
i s  somewhat g r e a te r  a t  h ig h e r e le v a tio n s  (Dightman 1963).
The average annual tem p era tu re  i s  about degrees F . ,  w ith  av e r­
ages f o r  a l l  e le v a t io n s  ran g in g  between ii3oO and 1|6,5 degrees (Dightman 
1963) .  Summers a re  u s u a lly  warm w ith  J u ly  b e ing  th e  warmest month. The 
J u ly  maximums range  between 85 and 95 degrees F . , and th e  minimums
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F ig u re  2 . Average m onthly p r e c ip i t a t i o n  f o r  A shland Ranger S ta t io n  ( e le v a t io n  2960 f e e t ) ,  and th e  
form er F le tc h e r  Ranch IT m ile s  so u th  o f  A shland ( e le v a t io n  3900 f e e t ) ,  f o r  th e  p e rio d  
1940-19^7 (U. 8 . W eather Bureau 1952).
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u s u a lly  above $0 d e g re e s .
The le n g th  o f th e  grow ing season d u rin g  th e  f r o s t  f re e  period  i s  
abou t 128 days a t  B roadus, b u t i s  abou t 10 to  15 days longer on th e  
h i l l s i d e s  to  th e  w est (Dightman 1963). The c o ld e s t  days occui" in  
Jan u ary , w ith  tem p era tu res  seldom below zero  deg rees F,
For th e  most p a r t ,  th e  s tu d y  a re a  i s  n o t as cold in  the w in ter or 
as h o t in  th e  summer as  a re a s  f u r th e r  n o r th  (Dightman I 963) ,
S o u th e a s te rn  Montana l i e s  in  th e  A lb e r ta  storm  b e l t ,  and re c e iv e s  
a mean t r a n s p o r t  o f  c o n t in e n ta l  a i r  from th e  e a s te rn  s lo p es  of th e  Rocky 
M ountains 12 months o f th e  y ea r (B o rch ert 1950, Coupland 1958, 1959). 
Abnorm ally s tro n g  w e s te r ly  c i r c u la t io n  of dry  a i r  r e s u l t s  in  th e  p e r s i s ­
ten ce  o f d rought c o n d itio n s  a c ro ss  e a s te rn  Montana. Drought co n d itio n s  
fo r  p e r io d s  o f up to  35 days can be expected  a n n u a lly  in  the n o rth e rn  
G re a t P la in s  (Coupland 1958).
O c c as io n a lly  storm s o f a sev ere  n a tu re  c ro ss  over the study  a re a ,  
b u t h igh  winds of up to  50 o r 60 m iles  an hour and tornados a re  uncommon 
(Dightman I 963) .  The most sev ere  damaging storm s are summer th u n d er­
storm s o f te n  accompanied by  h a i l  and o c ca s io n a l f la sh  flo o d in g .
METHODS M D  rflOCEDURES
A t o t a l  o f  seven d i f f e r e n t  p la n t  commvmity-types c h a ra c te r iz e  th e  
v e g e ta tio n  o f th e  bad lan d s o f so u th e a s te rn  Montana. Each type of p la n t  
community i s  e a s i ly  d is t in g u is h e d  from th e  o th e rs  in  term s o f the  char­
a c t e r i s t i c  dominant sp e c ie s  p r e s e n t ,  and r a th e r  s p e c i f ic  edaphic and 
p h y sio g rap h ic  c o n d it io n s .
These seven p la n t  com m unity-types have been id e n t i f i e d  by name in  
term s o f th e  dom inant sp e c ie s  or a s s o c ia t io n  o f sp e c ie s  o ccu rring  in  
each . These a re  th e  S a rc o b a tu s , A t r i p l e x -A rte m is ia , A rtem is i a - A tr ip le x -  
A gropyron, A rtem isia-A gropyron , Rhus-A gropyron, Jun iperus-A gropyron , and 
P in u s - Ju n ip e ru s  com m unities.
F ig u re s  3, k , 6 , 7 , 8 , and 9 a re  photographs showing c lo se  up 
views o f each o f th e  p la n t  commun!ty - ty p e s .
An a d d i t io n a l  p la n t  com m unity-type, th e  Ju n ip e ru s - O ryzopsis commun­
i t y ,  n o t o c cu rrin g  on th e  bad land  topography , was s tu d ie d . T his commun­
i t y  i s  found on ly  i n  lo c a l iz e d  a re a s  on n o r th  exposures in  r e l a t i v e ly  
m o ist m icroenvironm ents. This community d isp lay ed  a c lo se  degree of 
r e la t io n s h ip  to  th e  Juniperus-A gropyron community, hence i t  was inc luded  
in  th e  s tu d y .
The f i e l d  work was accom plished du ring  th e  summers o f 1963 and 196L. 
L ab o ra to ry  an a ly ses  o f th e  d a ta  and samples were conducted during  th e  
f a l l  o f  I 96I1, and w in te r  o f 1965.
V eg e ta tio n  S tu d ie s
The v e g e ta tio n  of th e  v a rio u s  p la n t  communities was analyzed  using  
th e  l i n e  i n t e r c e p t  sam pling method d e sc rib e d  by C an fie ld  (1 9 ^1 ). To
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f a c i l i t a t e  th e  sam pling p ro ced u re  on th e  s te e p  s lo p e s  o f th e  bad land  
top o g rap h y , and to  enab le  th e  au th o r to  c a r ry  on th e  work w ithou t th e  
need o f an o th e r  man, a m odified  form of th e  s tan d a rd  l in e  in te r c e p t  
methods was d e v ise d . The a u th o r has i d e n t i f i e d  t h i s  m o d ific a tio n  as th e  
" s t i c k - l i n e  i n te r c e p t  m ethod,"
A s t r a i g h t  l i g h t  w eigh t s t i c k ,  5 - f e e t  lo n g , and g raduated  in  i n t e r ­
v a ls  o f hundred ths o f a fo o t  was h e ld  in  a h o r iz o n ta l  p o s i t io n ,  and 
in te r c e p t  v a lu es  were re c o rd ed  along  i t s  m argin . An extended p o ck e t-  
tap e  was u sed  as a plumb to  a id  i n  rea d in g  th e  in te r c e p t  of p la n ts  where 
th e  s t i c k  was e le v a te d  above th e  ground le v e l .
The s t i c k - l i n e  in te r c e p t  sam pling tech n iq u e  i s  i l l u s t r a t e d  in  use  
in  F ig u re  10.
T his m odified  l in e  in t e r c e p t  method was used fo r  a l l  v e g e ta tio n  
sam pling in  a l l  th e  p la n t  communities s tu d ie d . B asa l in te r c e p t  of 
g ra s s e s  and fo rb s ,  and crown in te r c e p t  o f shrubs and t r e e s  was reco rd ed  
in  each community.
Each k in d  o f p la n t  community was sampled in  a number o f w idely  
s c a t te r e d  lo c a t io n s .  Some d i f f i c u l t y  was encoun tered  in  lo c a tin g  
s u i t a b le  sam pling lo c a t io n s  f o r  th e  v a rio u s  com m unities, and s e v e ra l  of 
th e  ty p es  were found to  be much more abundant th a n  o th e r s . T h e re fo re , 
n o t a l l  th e  com m unities were sampled a t  th e  same number o f lo c a t io n s ,  
o r w ith  th e  same amount o f t o t a l  in t e r c e p t .
An a tte m p t was made to  sample each com munity-type in  as many 
s c a t te r e d  lo c a t io n s  th roughou t th e  s tu d y  a re a  as p o s s ib le .  Norm ally a 
sam pling lo c a t io n  c o n s t i tu te d  th e  so u th  s lo p e  along a  d ra inage  channel 
or b u t t e , However, in  most cases  a sam pling lo c a t io n  in c lu d ed  a
2 %
F ig u re  3 , C lose up view, of a r e p re s e n ta t iv e  S arcobatus community.
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Figure 1|, C lose up view o f a A trip lex-A rtem isia  community.
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F ig u re  5* C lose up view o f a A rtem isia-A trip lex -A g ro p y ro n  community.
y
Figure 6 . C lose up view o f a Artemisia-Agropyron community.
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Figure 7 . Close up view of a Rhus-Agropyron community.
Figure 8 .  Close up view  o f a Juniperus-Agropyron community.
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F ig u re  9 , C lose ap view o f a P in a s-Ju n ip e ru s  community,
F ig u re  10 . The s t i c k - l i n e  in te r c e p t  sam pling technique,
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com posite o f s lo p e s  and ex p o su res . These in c lu d ed  p r im a r i ly  th e  sou th  
exposures a t  th e  mouths o f  m ajor d ra in ag e s  and th e  e a s t  and w est 
exposures where bad land  v e g e ta tio n  o ccu rred . S lopes o f i s o la te d  b u tte s  
and mesas were a ls o  in c lu d ed  where s u i ta b le  sam pling c o n d itio n s  were 
found .
A map o f th e  s tu d y  a re a  showing th e  m ajor sam pling lo c a tio n s  and 
d ra in a g es  i s  p re se n te d  in  F ig u re  11,
No s in g le  lo c a t io n  was found a t  which a l l  seven p la n t  community- 
ty p es  o ccu rred  to g e th e r .  In  most in s ta n c e s  on ly  one or a few of th e  
ty p es  co u ld  b e  sampled a t  one lo c a t io n .  T his p rev en ted  th e  p o s s i b i l i t y  
o f p a i r in g  a l l  o f th e  sampled com m unities.
Sampling was r e s t r i c t e d  t o  communities o f s u f f i c i e n t  s iz e  to  a llow  
a minimum of from 50 to  100 f e e t  o f s t r a i g h t  in te r c e p t  l i n e  to  be ru n  
th rough  them . Sample l in e s  were lo c a te d  in  th e  c e n t r a l  a re a  o f th e  com­
m unity , and c a re  was taken  n o t to  sample n e a r  th e  community boundary. 
Sample l in e s  were l a id  p a r a l l e l  to  th e  le n g th  o f th e  s lo p e , and th e  num­
b e r  o f l in e s  v a r ie d  from  one to  s e v e ra l .  In d iv id u a l  l in e s  were k ep t 
ab o u t 2$ f e e t  a p a r t .  The t o t a l  number o f f e e t  o f in te r c e p t  c o l le c te d  a t  
each sample lo c a t io n  f o r  each k in d  o f community v a r ie d  somewhat, w ith  a 
minimum o f 50 f e e t  re c o rd e d .
S l ig h t ly  le s s  th an  h a l f  th e  d a ta  were o b ta in ed  by re c o rd in g  i n t e r ­
c e p t f o r  every  co n secu tiv e  5 - fo o t  i n t e r v a l  on a sample l i n e .  I t  was 
l a t e r  f e l t  d e s ir a b le  to  re c o rd  in te r c e p t  d a ta  fo r  ev ery  o th e r  5 - fo o t  
i n t e r v a l .  More th an  h a l f  o f  th e  v e g e ta tio n  in fo rm atio n  was c o l le c te d  
in  t h i s  m anner. A sk e tc h  of th e  sample l in e  p o s i t io n s  w ith in  a hypo­
t h e t i c a l  community i s  p re se n te d  in  F ig u re  12,
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#  Sampling L ocation
^  F o r t  Howes Ranger S ta t io n
F ig u re  11 . Map o f th e  A shland D iv is io n  o f th e  C u ste r N a tio n a l F o re s t  
showing sam pling lo c a t io n s  and m ajor d ra in a g e s .
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A summary o f th e  number of f e e t  o f in te r c e p t  reco rd ed  by lo c a t io n ,  
and th e  t o t a l  i n t e r c e p t  c o l le c te d  f o r  each k in d  o f p la n t  community i s  
p re se n te d  in  Appendix I I ,
L ine i n te r c e p t  d a ta  were analyzed  in  term s of abundance and f r e ­
quency, Abundance in fo rm a tio n  was ex p ressed  in  term s o f  in te r c e p t  p e r
F ig u re  12, A sk e tc h  o f th e  sample l in e  p o s i t io n s  in  a 
h y p o th e t ic a l  community.
s lo p e  d i r e c t io n
5 - fo o t  i n t e r c e p t  l in e
5 - fo o t  i n t e r v a l  betw een in te r c e p t  
l in e s
community boundary
100 f e e t  o f l in e  f o r  each sp e c ie s  i n  each community. The c a lc u la t io n  o f 
freq u en cy  was made b y  de term in ing  th e  p e rc e n t o f th e  5 - fo o t  segments on 
which each sp e c ie s  was found to  occur o f th e  t o t a l  segments ta k e n . F re ­
quency d a ta  were o b ta in ed  on ly  fTom th o se  lo c a tio n s  on which ev e ry  o th e r 
5 - fo o t  segment of l i n e  i n t e r c e p t  was re co rd e d ,
A summary o f th e  freq u en cy  and abundance d a ta  f o r  each sp e c ie s  
en co u n te red  in  each community-type i s  p re se n te d  in  Appendix I I I ,  IV, V,
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V I, V II, V I I I ,  IX , and X.
C h i-sq u are  a n a ly s is  was used to  t e s t  th e  d if f e re n c e  o f th e  abundance 
betw een th e  dom inant sp e c ie s  in  each k in d  o f p la n t  community (Snedecor 
19$6). C h i-sq u are  a n a ly s is  was a lso  used to  determ ine i f  th e re  was any 
s ig n i f i c a n t  d i f f e r e n c e  betw een th e  abundance v a lu es  o f th e  same sp e c ie s  
o cc u rrin g  in  d i f f e r e n t  k in d s o f  com m unities. This l a t t e r  t e s t  was 
accom plished on ly  f o r  p a ire d  s tan d s  o f d i f f e r e n t  com m unities.
Booth ( 1950) was used  in  th e  i d e n t i f i c a t i o n  o f c o n ife rs  and monocots 
o th e r  th an  g r a s s e s .  G rass nom enclature fo llo w s H itchcock (19$0). 
D ico ty ledons were i d e n t i f i e d  acco rd ing  t o  Booth and W right ( I 962.
S o i l  and P hysiog raph ic  S tu d ie s
The d es ig n  o f the  s tu d y  in v o lv ed  th e  d e te rm in a tio n  o f v a rio u s  phys­
i c a l ,  ch em ica l, and m orpho log ical f e a tu re s  o f  th e  s o i l  fo r  each p la n t  
com m unity-types s tu d ie d .  S o i l  sam ples were analyzed  in  d u p lic a te  fo r  
t e x tu r e ,  r e a c t io n ,  p e rc e n t co a rse  frag m en ts , m oistu re  r e te n t io n ,  
so lu b le  s a l t  c o n te n t, and e x tr a c ta b le  sodium and ca lc iu m .
As used  in  t h i s  s tu d y , th e  word s o i l  in c lu d e s  undeveloped g e o lo g i­
c a l  m a te r ia l  a s  w e ll as developed s o i l .  This g e n e r a l i ty  w i l l  be used 
th ro u g h o u t th e  t e x t  u n le ss  o therw ise  n o ted .
S o i l  p r o f i l e  d e s c r ip t io n s  were made in  the  f i e l d  f o r  each k in d  o f 
p la n t  community s tu d ie d .  T his in v o lv ed  th e  v is u a l  d e te rm in a tio n  of 
h o riz o n  d ep th , c o lo r  (M in se ll c o lo r  c h a r t ) ,  s t r u c tu r e ,  t e x tu r a l  c la s s ,  
and th e  p re sen c e  o f ca rb o n a tes  ( S o i l  Survey S ta f f  1 9 $ l) . I n  most cases  
a ty p ic a l  h o riz o n  sequence was n o t d e te c te d , b u t o f te n  some d if fe re n c e s  
i n  th e  s o i l  m a te r ia l  were a p p a re n t. A g e n e ra l p r o f i l e  d e s c r ip t io n  fo r
each  type o f  community i s  in c lu d ed  in  Appendix X I.
S o i l  sam ples were c o l le c te d  from each community s tu d ie d . S o i l  p i t s
were dug n ea r th e  c e n te r  o f each community, and th e  s o i l  m a te r ia l  from 
each h o riz o n  was p la c e d  in  la b e le d  paper b ag s , and b ro u g h t back to  
M issoula  f o r  a n a ly s is .  In  some in s ta n c e s  s o i l  sam ples were n o t c o l­
le c te d  a t  every  lo c a t io n  sampled f o r  v e g e ta tio n  co m position . A d d itio n a l 
s o i l  sam ples were c o l le c te d  f o r  some communities a t  l o c a l i t i e s  n o t 
ana lyzed  fo r  v e g e ta t io n  com p o sitio n ,
A summary o f th e  lo c a t io n s  a t  w hich s o i l  sam ples were c o l le c te d  i s  
p re se n te d  in  Appendix I I .
S o i l  sam ples were s ie v e d  through a 2 m illim e te r  sc reen  to  s e p a ra te
th e  co a rse  fragm ents from s o i l  m a te r ia l  (Buckman and Brady 19&0, S o i l
S urvey  S t a f f  19 ^1 ). The p e rc e n t  co a rse  fragm ents was v i s u a l ly  e s tim a ted  
i n  term s o f volume o f th e  s o i l  m a te r ia l  p lu s  th e  co arse  frag m en ts .
T exture a n a ly s is  was com pleted b y  determ in ing  th e  p e rc e n t sand , 
s i l t ,  and c la y  u sin g  the hydrom eter method (Bouycoucos 1936).
S o i l  r e a c t io n  was determ ined  w ith  th e  Beckman model H2 g la s s  e le c ­
tro d e  pH m eter (D avis 19U3). A s a tu ra te d  s o i l  p a s te  was used in  t h i s  
a n a ly s is ,  p rep ared  acco rd in g  to  th e  method p re sc r ib e d  b y  th e  U .S .
S a l in i t y  L ab o ra to ry  S t a f f  (19Sh)•
A p re s s u re  membrane ap p a ra tu s  was used to  determ ine th e  perm anent 
w i l t in g  p e rcen tag e  f o r  each sample (R ichards 19U7). S o i l  m oistu re  r e t e n ­
t io n  a t  a p re s s u re  o f  15 atm ospheres i s  co n s id e red  to  re p re s e n t  the 
m o istu re  c o n te n t a t  which p la n ts  w i l l  perm anently  w i l t  (R ichards and 
Weaver 19U3)*
E le c tr ic a l conductivity  was determined for the purpose of evaluating
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th e  s o lu b le  s a l t  c o n te n t o f  each s o i l  sample* A S o lu -B ridge S o i l  T e ste r  
model RD-15, and an A.H, Thomas C o n d u c tiv ity  C e ll  was used f o r  t h i s  
d e te rm in a tio n . C o n d u c tiv ity  was determ ined  usin g  a s a tu ra te d  s o i l  p a s te  
as d e sc rib e d  by  th e  U .S. S a l i n i t y  L ab o ra to ry  S t a f f  ( 19$ i|)*
E x tra c ta b le  sodium and calcium  were determ ined  u s in g  th e  Beckman 
model W  flam e em ission  sp ec tro p h o to m e te r. Two and o n e -h a lf  gram 
sam ples o f s o i l  were washed in  100 m i l l i l i t e r s  of ammonium a c e ta te  
a d ju s te d  to  a pH o f 7 .0  (Jack so n  19^3). N ine s ta n d a rd  c o n c e n tra tio n s  
ra n g in g  from 0 to  100 p a r t s - p e r - m i l l io n  were used  f o r  bo th  sodium and 
calcium  to  e s ta b l i s h  th e  c a l ib r a t io n  c u rv e s . The v a lu es  in  ppm f o r  the 
s o i l  sam ples were converted  to  m il l ie q u iv a le n ts  p er 100 grams o f s o i l  
f o r  each c a t io n .
The l a t t e r  a n a ly s is  was conducted f o r  a l l  s o i l  samples excep t fo r  
th o se  o f th e  Rhus-A gropyron, Jun iperus-A gropyron , Ju n ip e ru s-O ry zo p sis$ 
and P in u s-Ju n ip e ru s  com m unities. Only s e le c te d  samples o f th e  l a t t e r  
fo u r  com munities were an a ly zed , A minimum o f 60 p e rc e n t of th e  t o t a l  
number o f s o i l  san p le s  from th e se  communities were used in  t h i s  a n a ly s is .
A t each sam pling lo c a t io n  in  th e  f i e l d  the  p e rc e n t s lope  was d e te r ­
mined w ith  an Abney l e v e l .  Exposure was determ ined w ith  a S i lv a  compass 
c o r re c te d  f o r  d e c l in a t io n ,  and p o s i t io n  on the  s lo p e  was e s tim a te d  to  
th e  n e a r e s t  o n e - th ird  o f th e  s lo p e  le n g th .
FIELD MD lABORATCEY RESULTS
E ig h t ty p es  o f p la n t  com m unities, r e f e r r e d  to  as com m unity-types, 
have been s tu d ie d  in  term s of b o ta n ic a l  com position , and th e  e f f e c ts  of 
s o i l s  and p h y sio g rap h ic  f a c to r s  on t h e i r  d i s t r i b u t io n .  Each community- 
ty p e  appears to  have some r a t h e r  d i s t i n c t  v e g e ta t iv e ,  ed ap h ic , and 
p h y s io g r ^ h ic  c h a r a c t e r i s t i c s  which w i l l  se rv e  to  d i f f e r e n t i a t e  i t  from 
th e  o th e r s .  F ie ld  o b se rv a tio n s  in d ic a te  t h a t  each community-type occurs 
on ly  where th e  p a r t i c u la r  env ironm enta l c o n d itio n s  s p e c i f ic  to  i t  e x i s t  
in  p ro p er com bination . I t  i s  th e  i n t e n t  h ere  to  re c o g n iz e , i s o l a t e ,  and 
analyze  th e  d is t in g u is h in g  b o ta n ic a l  f e a tu re s  and th e  most i n f l u e n t i a l  
env ironm en ta l f a c to r s  o f each com m unity-type.
The v a rio u s  s tan d s  o f each com munity-type were id e n t i f i e d  p r im a r i ly  
on th e  b a s is  o f th e  r e l a t i v e  abundance o f th e  sp e c ie s  p re s e n t .  In  the  
f i e l d  l i t t l e  d i f f i c u l t y  was en co u n tered  in  a s s o c ia t in g  th e  s tan d s  w ith  a 
com m unity-type. U su a lly  th e  dominant sp e c ie s  im parted  a v ery  conspicuous 
s t r u c tu r e  to  th e  community, and th i s  allow ed f o r  s ta n d  id e n t i f i c a t io n  
w ho lly  on th e  b a s is  o f  th e  v e g e ta tio n  p r e s e n t .  I t  was never found n eces­
s a ry  to  base  s ta n d  re c o g n it io n  on o th e r  community-type c h a r a c te r i s t i c s  
o f s o i l  f a c to r s ,  s lo p e  g r a d ie n t ,  exposure , or p o s i t io n  on th e  s lo p e . 
However, w ith  in c re a se d  f a m i l i a r i t y  w ith  th e  v a rio u s  h a b i t a t s ,  i t  was 
found t h a t  most s ta n d s  cou ld  be i d e n t i f i e d  on t h i s  b a s i s .
Most o f th e  in fo rm a tio n  and d a ta  p re se n te d  re p re s e n t  averages of 
many in d iv id u a l  s tan d s  fo r  each com m unity-type. The v a lu es from a p a r ­
t i c u l a r  s ta n d , or f o r  a p a r t i c u la r  sp e c ie s  o f a s tan d  could  be expected  
to  d i f f e r  from  th e  a v e rag e . The assum ption was made i n  th e  beginning  of 
th e  s tu d y  t h a t  th e  v a r io u s  s tan d s  o f  a community-type a re  s u f f i c i e n t ly
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s im i la r  in  term s o f th e  dominant sp e c ie s  p re se n t and t h e i r  r e l a t i v e  
abundances t h a t  th ey  can be a rran g ed  in to  the  same v e g e ta tio n  ty p e . I t  
i s  th e  i n t e n t  h e re  to  show only  th e  average c h a r a c te r i s t i c s  of each 
com m unity-type, b u t r e a l i z in g  th a t  v a r ia t io n s  in  b o ta n ic a l  com position 
and env ironm en ta l f a c to r s  do e x i s t  among s tan d s  of each ty p e . The 
r e s u l t s  o f th e  a n a ly s is  w i l l  show t h a t  v a r ia t io n  w ith in  a community- 
ty p e  i s  no g r e a te r ,  and u s u a lly  much le s s  th a n  v a r ia t io n  among 
com m unity-types.
B o ta n ic a l Com position o f Commun!ty-Types
Each p la n t  com munity-type was an a ly zed  in  term s o f sp e c ie s  abun­
dance and freq u en cy . In  t h i s  case abundance i s  an ex p ress io n  of th e  
amount o f i n t e r c e p t  p e r  100 f e e t  o f in te r c e p t  l i n e .  Frequency d a ta  
r e p re s e n ts  th e  number o f 5- f o o t  sample segments on which a sp e c ie s  
o ccu rred  ex p ressed  as a p e rc e n t of th e  t o t a l  segments examined. 
Abundance in fo rm a tio n  was g a th e re d  in  a l l  th e  s tan d s  o f each 
com m unity-type th a t  were sam pled. On th e  o th e r  hand, frequency  d a ta  
were c o l le c te d  on ly  du ring  th e  l a t t e r  phase o f th e  s tu d y , and r e p re s e n t  
about 60 p e rc e n t o f the  s tan d s  s tu d ie d . A lso , fo r  th e  purposes o f t h i s  
s tu d y , th e  q u a n t i t a t iv e  measure o f cover in  term s o f abundance i s  a 
more m eaningfu l e x p re ss io n  o f community com position . Frequency i s  an 
e x p re ss io n  of p la n t  d is p e rs io n  (G reig-S m ith  1957), b u t i t  g iv es  no quan­
t i t a t i v e  measure o f p la n t  co v e r. F requency in fo rm a tio n  was in c lu d ed  
on ly  in  as much as i t  p re s e n ts  a measure of sp e c ie s  d is p e rs io n ,
A summary of th e  average sp e c ie s  abundance and frequency  f o r  each 
p l a n t  com m unity-type i s  p re se n te d  in  Appendices I I I  th rough  X, The
s ta n d s  o f each  com m unity-type were sam pled i n  v a rio u s  w idely  s c a t te re d  
lo c a t io n s .  The ta b le  in  Appendix I I  in d ic a te s  th e  number o f lo c a tio n s  
sam pled f o r  each com m unity-type. The frequency  and abundance d a ta  p re ­
s e n te d  r e p re s e n t  averages o f th e  d a ta  from each s ta n d  sam pled. Abundance 
d a ta  a re  ex p ressed  in  hundred ths o f f e e t  f o r  each s p e c ie s ,  and a re  sum­
m arized as to  l i f e - f o rm  c l a s s .  The grand t o t a l  abundance value r e p re s e n ts  
th e  t o t a l  ground cover in  hundred ths o f f e e t  p e r 100 f e e t  o f l in e  i n t e r ­
c e p t .
Community L ife-Form
Each o f th e  e ig h t  k inds o f p la n t  communities has a c h a r a c te r i s t i c  
appearance im parted  b y  i t s  v e g e ta t io n . Even from some d is ta n c e  i t  i s  
q u ite  p o s s ib le  to  i d e n t i f y  th e  com m unity-types s o le ly  on th e  b a s is  of 
th e i r  physiognom ic ap p earan ce . I t  seems in s t r u c t iv e  to  analyze  t h i s  
c h a r a c t e r i s t i c  of th e  p la n t  communities in  an a ttem p t to  understand  
t h e i r  com position  and s t r u c tu r e .  The v a rio u s  l ife - fo rm s  co nsidered  
in c lu d e  f o r b s ,  g r a s s e s ,  sh ru b s , and t r e e s .
F ig u re  13 i s  a summary o f th e  t o t a l  abundance o f each o f th e  l i f e -  
form c la s s e s  co n s id e red  f o r  each p la n t  com m unity-type.
C onsidering  on ly  th e  bad lan d  com m unities, and exclud ing  th e  
Ju n ip e ru s-O ry zo p sis  community, th e re  appear to  be two m ajor groups of 
com m unities in  term s of l i f e - f o r m .  F ive com m unity-types, th e  S a rc o b a tu s , 
A tr ip le x -A r te m is ia , A rtem is ia -A trip lex -A g ro p y ro n , A rtem isia-A gropyron , 
and th e  Rhus-Agropyr on a re  dom inated by shrubby v e g e ta tio n . The second 
group in c lu d e  th e  Jun iperus-A gropyr on and th e  P in u s-Ju n ip e r  us communi­
t i e s ,  dom inated by  t r e e  v e g e ta t io n .
Of th e  f iv e  shrub com m unity-types, th e  S a rc o b a tu s , A tr ip le x -
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A r te m is ia , and th e  A rtem isia -A trip lex -A g ro p y ro n  have a s u b s ta n t ia l ly  
h ig h e r  abundance of shrub cover th an  th e  o th e r tw o. Of th ese  th re e ,  th e  
A rtem is ia -A trip lex -A g ro p y ro n  has a g r e a te r  g ra ss  abundance. The 
A tr ip le x -A r te m is ia  community i s  d is t in g u is h e d  a s  having th e  l e a s t  vege­
t a t i v e  cover o f th e  th r e e ,  e x h ib i t in g  a lower abundance o f sh ru b s , 
g r a s s e s ,  and f o rb s .  The Rhus -Agropyron community i s  d is t in g u is h e d  from 
th e  A rtem isia-A gropyron community in  term s o f th e  g r e a te r  abundance of 
fo rb s  and th e  p resen ce  o f some t r e e s ,  which a re  com plete ly  lack in g  in  
th e  l a t t e r .
The Jun iperus-A gropyr on and th e  P in u s-Ju n ip e ru s  communities a re  
e a s i ly  d is t in g u is h e d  in  term s o f th e  g r e a te r  abundance of shrubs in  th e  
fo rm er, and o f g ra s se s  in  th e  l a t t e r .  However, an o th er p o in t  o f c o n s id ­
e r a t io n  in  t h i s  re g a rd  i s  th e  d if f e re n c e  in  g e n e ra l appearance between 
th e  two dom inant s p e c ie s ,  P inus ponderosa i s  u s u a lly  a much la rg e r  t r e e  
than  Ju n ip e ru s  scopulorum , the  p in e  o fte n  a t ta in in g  h e ig h ts  in  excess of 
60 f e e t ,  and th e  ju n ip e r  seldom over 1$ f e e t .  The d if fe re n c e s  in  fo l ia g e  
and crown shape a re  a ls o  im p o rtan t c o n s id e ra tio n s .
D iffe ren ces  between th e  Ju n ip e ru s -Agropyron and th e  Ju n ip e ru s - 
O ryzopsis communities a re  more s u b tle  s in c e  bo th  com m unity-types a re  
dom inated by Ju n ip e ru s  scopulorum . In  f a c t ,  th e  p r in c ip a l  e c o lo g ic a l  
d i f f e re n c e  between them i s  n o t physiognom ic, b u t r a th e r  p h y s io g rap h ic . 
However, a s t r i k in g  f e a tu re  o f th e se  two com m unity-types i s  th e  d i f f e r ­
ence in  abundance o f th e  dominant s p e c ie s .  The Ju n ip e ru s -Agropyron com­
m unity su p p o rts  from  300 to  600 ju n ip e r  t r e e s  p er a c re ,  th e se  seldom 
exceed ing  10 or 12 f e e t  in  h e ig h t .  The Ju n ip eru s-O ry zo p sis  community, 
on th e  o th e r  hand , su p p o rts  from  700 to  1$00 t r e e s  p e r a c re , th e se
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f re q u e n t ly  exceeding 12 f e e t  in  h e ig h t .
R e la tiv e  S ize  and Area o f th e  Comrrmnlty-Types
The v a r io u s  p la n t  communities a t  th e  v a r io u s  sam pling lo c a tio n s  
v a r ie d  in  s iz e  from s e v e ra l  hundred square f e e t  t o  s e v e ra l  acres*  The 
s iz e  and a re a  o f a community a re  fu n c tio n s  o f th e  p h y s ic a l  environm ent, 
and th e  env ironm en ta l complex o f th e  bad lands i s  such th a t  p a r t ic u la r  
h a b i ta t s  a r e  o f te n  ab se n t from  la rg e  a re a s  o f  bad land  topography . There­
fo re  i t  was r a th e r  d i f f i c u l t  to  de term ine th e  r e l a t i v e  a re a  occupied by 
each k ind  o f p la n t  com m unity-type.
Through f i e l d  o b se rv a tio n s  and w ith  th e  a id  o f a e r i a l  pho tographs, 
an e s tim a te  was made as to  th e  p e rc e n t o f  th e  t o t a l  a re a  of th e  bad lan d  
topography  each com munity-type occupied . Sketches on paper or p h o to ­
graphs were o f te n  used to  determ ine th e  community com position a t  any  one 
or group of lo c a t io n s .  The p e rcen tag e  v a lu es  in  Table 1 re p re s e n t  g ro ss  
e s tim a te s  o n ly , and th e  com position  a t  any one or group of lo c a tio n s  may 
v a ry  s ig n i f i c a n t l y  from th o se  g iv en .
In  making th e se  e s tim a te s  ca re  was tak en  to  g a th e r  in fo rm atio n  from 
many w id e ly  s c a t te r e d  lo c a tio n s  th ro u g h o u t th e  s tu d y  a r e a .  Thus, some 
o f th e  lo c a t io n s  from which t h i s  in fo rm a tio n  was g a th e red  were n o t 
n e c e s s a r i ly  th e  same lo c a t io n s  a t  which v e g e ta tiv e  samples were c o l­
le c te d ,  The problem s and so u rces  of e r ro r  encountered  in  making th ese  
e s tim a te s  in c lu d e  th e  f a c t  t h a t  a l l  th e  p la n t  com munity-types do n o t 
occur a t  ev ery  b ad land  lo c a t io n .  Thus, i t  can be expected  th a t  in  some 
p la c e s  c e r t a in  com m unity-types com prise $0 to  100 p e rc e n t o f th e  bad land  
topography , and y e t  a t  o th e r lo c a t io n s  th ey  may be v e ry  sca rce  or lack in g
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a l to g e th e r .  D efin in g  th e  ty p ic a l  c o n d itio n  r e l a t i v e  to  community 
com position  has th u s  proven v e ry  d i f f i c u l t .
Table 1 , Summary of th e  r e l a t i v e  a re a  occupied by each
com m unity-type in  th e  b ad lan d s ,
Community-Type P e rcen t
S arco b a tu s  ...........   3
A t r ip le x - A r te m is ia .......................................................................................  10
A rtem is ia -A trip lex -A g ro p y ro n  .................................................................  30
A rtem isia-A gropyron .................................       10
R h u s-A g ro p y ro n   ........................................................................ 17
Juniperus-A gropyron  .....................................................................................  20
P in u s-  Ju n ip e ru s  ...............         10
S p ec ies  Com position o f th e  Community-Types
A summary of th e  abundance o f th e  m ajor sp e c ie s  found in  each 
c ommuni ty - ty p e  i s  p re se n te d  in  h istog ram  form in  F ig u re  lU , The symbols
used i n  th e  h is to g ram  in d ic a te  sp e c ie s  names as fo llo w s : A gsp ,, Agro­
pyron sp ica tu m ; B o cu ,, B outeloua cur t i p  en d u la ; Bogr,  ̂ B outeloua g r a c i l i s ; 
O rhy ,, O ryzopsis hym enoides; O rm i,, O ryzopsis m ic ra n th a ; A r t r , ,  A rtem isia  
t r i d e n t a t a ; A tc o ,,  A tr ip le x  c o n f e r t i f o l i a ; R h t r , ,  Rhus t r i l o b a t a ; S a v e ,, 
S arco b a tu s  v e rm ic u la tu s ; J u s c , , Ju n ip e ru s  scopulorum ; P ip o ,,  Pinus 
p o n d ero sa .
The fo llo w in g  d isc u s s io n  o f each o f the  l i f e - fo rm  c la s s e s  of A ;
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v e g e ta tio n  a re  d isc u sse d  in  t h e i r  o rd e r  o f im portance r e l a t i v e  to  
com m unity-type d i s t i n c t i o n .
Shrub v e g e ta t io n . As a group th e  sh rubs r e p re s e n t  th e  most impor­
t a n t  l i f e - f o rm  elem ent in  th e  v e g e ta t io n  of th e  b a d la n d s . In  f iv e  of 
th e  b ad lan d  com m unity-types, shrub v e g e ta tio n  com prises no le s s  than  68 
p e rc e n t o f th e  t o t a l  co v er, and in  most c a se s  w e ll  over 80 p e rc e n t.
T he ir dom inate c h a ra c te r  in  th e  community s t r u c tu r e  i s  q u ite  ap p aren t 
from f i e l d  o b se rv a tio n s , and th e  q u a n t i ta t iv e  abundance and frequency  
in fo rm a tio n  b e a rs  t h i s  o u t.  The ty p ic a l  physiognom ic appearance of th e  
bad land  v e g e ta tio n  i s  c h a r a c t e r i s t i c a l l y  one of sh ru b s .
The com m unity-type in  which shrub  v e g e ta tio n  composes th e  g r e a te s t  
p e rcen tag e  of th e  v e g e ta t iv e  cover i s  th e  A tr ip le x -A rte m is ia  community, 
w ith  98.6  p e rc e n t (Appendix: IV ). The p r in c ip a l  dom inant sp e c ie s  in c lu d e  
A tr ip le x  c o n f e r t i f o l i a  and A rtem is ia  t r i d e n t a t a . O ther im p o rtan t shrub 
c o n s t i tu e n ts  in c lu d e  Eriogonum m u ltic e p s , Chrysothamnus g ra v e lo en s , and 
G u t ie r r e z ia  s a ro th r a e . The v e g e ta tiv e  cover o f th e  S arcobatus community 
i s  composed o f 96 .5  p e rc e n t sh ru b s , and in c lu d e s  S arcobatus v erm icu la tu s  
as th e  dom inant. O ther abundant sh rubs in c lu d e  A rtem isia  t r i d e n t a t a , 
A tr ip le x  c o n f e r t i f o l i a , and Suaeda f ru i to c o s a  (Appendix I I I ) .
The rem ain ing  com m unity-types a re  composed o f a lower p e rcen tag e  of 
shrub abundance, w ith  an in c re a s e d  in c id e n c e  in  g ra ss  abundance. The 
t o t a l  v e g e ta t iv e  cover of th e  A rte m is ia -A tr ip le x -Agropyron community i s  
composed of 89 .7  p e rc e n t sh ru b s , and th e  dominant sp e c ie s  a re  A rtem isia  
t r i d e n t a t a  and A tr ip le x  c o n f e r t i f o l i a . The A rtem isia-A gropyron commun­
i t y  i s  composed o f 71 .5  p e rc e n t sh ru b s , and th e  dominant sp ec ie s  i s  
A rte m is ia  t r i d e n t a t a .  The Rhus-Agropyron community i s  composed o f 68.2
-.J it-
p e rc e n t sh ru b s , and th e  dom inant sp e c ie s  i s  Rhus t r i l o b a t a .
The rem ain ing  two bad land  communities a re  p r in c ip a l ly  dominated by 
t r e e s ,  and shrubs a re  p ro b ab ly  n o t im p o rtan t in  them , ex cep t as th e  
d if f e re n c e s  in  sp e c ie s  in  each r e p re s e n t  changes in  environm ental condi­
t io n s ,  Shrubs make up on ly  3*8 p e rc e n t of th e  t o t a l  v e g e ta tiv e  cover in  
th e  Jun iperus-A gropyr on community, p r im a r i ly  composed o f R ibes cereum, 
Rhus t r i l o b a t a , and A rtem is ia  t r i d e n t a t a . The P in u s-Ju n ip e ru s  community 
i s  composed o f 3 .5  p e rc e n t sh ru b s , m ainly  composed o f Rhus t r i l o b a t a , 
A rtem is ia  can a , and G u tie r r e z ia  s a ro th r a e . Less than  one p e rc e n t o f the 
v e g e ta t iv e  cover of th e  J  un iperus-O ryz o p s is  community i s  composed of 
sh ru b s . Only th re e  sp e c ie s  w ere en co u n tered , namely Rhus t r i l o b a t a , 
G u tie r re z ia  s a r o th r a e , and Sym phoricarpos o c c id e n ta l i s .
Of th e  f iv e  shrub dom inated com m unity-types, fo u r  groups a re  
obv ious. The f i r s t  o f th e se  i s  th e  S arcobatus community supp o rtin g  9.9 
f e e t  p e r  hundred f e e t  of l i n e  of S arcobatus v e rm ic u la tu s . No o th e r 
c ommuni ty - ty p e  has n ea r t h i s  abundance of S arcobatus verm icu la tu s 
(F ig u re  l l i ) .  The second i s  th e  A tr ip l  ex-Artem i s i  a community, dominated 
by A tr ip le x  c o n f e r t i f o l i a . No o th e r  community-type sup p o rts  t h i s  
sp e c ie s  to  such p ro p o r t io n s .  The t h i r d  i s  the Rhus-Agropyron community, 
dom inated by Rhus t r i l o b a t a . T his i s  th e  only c ommuni ty - ty p e  in  which 
Rhus t r i l o b a t a  occurs in  such q u a n t i t i e s .
The fo u r th  group o f th e  shrub dom inated com munity-types in c lu d es  
th e  A rtem is ia -A trip lex -A g ro p y ro n  and th e  A rtem isia-A gropyron com m unities, 
dom inated by A rte m is ia  t r i d e n t a t a . The d i s t in c t io n  between th e se  two i s  
o b v io u sly  i n  term s o f A tr ip le x  c o n f e r t i f o l i a  abundance. In  th e  A rte m is ia -  
A trip lex -A g ro p y ro n  community, A tr ip le x  c o n f e r t i f o l i a  i s  more than  h a l f  as
abundant as A rte m is ia  t r i d e n t a t a , and forms a very  conspicuous p a r t  of 
th e  v e g e ta t io n .  I n  th e  A rtem isia-A gropyron community, however, th e re  i s  
a lm o st a com plete la c k  of A tr ip le x  c o n f e r t i f o l i a . The l a t t e r  sp ec ies  
does o c c a s io n a lly  occur lo c a l ly  in  some lo c a t io n s ,  b u t i t s  r o le  in  th e  
s t r u c tu r e  of th e  community i s  o b v io u sly  m inor, having only  12.8 p e rc e n t 
of th e  abundance o f Agropyron sp ica tum , and 2 .2  p e rc e n t o f A rtem isia 
t r i d e n t a t a  (F ig u re  l i ; ,  and Appendix V and V I),
The d i s t i n c t io n  between tre e -d o m in a ted  com munity-types i s  more 
s u b tle  on th e  b a s is  o f shrub v e g e ta t io n . In  bo th  th e  J  un ip  erus-A gropyr on 
and th e  P in u s-Ju n ip e ru s  com m unities, Rhus t r i l o b a t a  i s  th e  most abundant 
sh ru b . However, i n  th e  form er c ommuni ty - ty p e  A rtem is ia  t r i d e n t a t a  i s  
consp icuous, b u t  in  th e  l a t t e r  i t  i s  com pletely  la c k in g . C onversely , in  
th e  P in u s-Ju n ip e ru s  community, A rtem is ia  cana i s  abundant b u t  i s  lack in g  
in  th e  Ju n ip  e ra  s-A gr opyr on community. The Jun ip  eru  s-Oryz ops i s  community 
has a consp icuous la c k  o f shrub s p e c ie s ,  none of which a re  s ig n i f i c a n t ly  
abundant to  im p art any in d ic a t io n  th a t  th e y  p la y  an im p o rtan t r o l e  in  
community s t r u c tu r e .
Two shrub s p e c ie s ,  A rtem is ia  t r i d e n t a t a  and A tr ip le x  c o n f e r t i f o l i a , 
r e p re s e n t  th e  two most abundant sh rubs and th e  most w ide-sp read  dominants 
in  th e  b a d la n d s . T ogether th e se  two sp e c ie s  a re  dominants on n e a r ly  ^0 
p e rc e n t of th e  lan d  a re a  of the  b ad land  topography in  so u th e a s te rn  Mon­
ta n a .  A rtem is ia  t r i d e n t a t a  i s  a common c o n s t i tu e n t  o f th e  surrounding 
g ra s s la n d s ,  and i s  wide sp read  th ro u g h o u t so u th e a s te rn  Montana, B ee tle  
( i 960) f e e ls  t h a t  th e  p a r t i c u la r  sp e c ie s  in  t h i s  a re a  i s  A rtem isia  t r i ­
d e n ta ta  su b sp . v aseyana , which reach es  i t s  g r e a te s t  development to  the  
so u th  i n  Wyoming. The g e n e ra l abundance o f th i s  p la n t  in  so u th e a s te rn
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Montana i s  o f such a m agnitude th a t  i t s  p resen ce  on th e  badland slopes 
seems a lm o st ex p ec te d . Even i f  b ad lan d  topography d id  n o t e x i s t  in  th i s  
a re a ,  i t  i s  c e r ta in  th a t  A rtem is ia  t r id e n t a t a  abundance would be b u t  
l i t t l e  a f f e c te d .
This i s  p ro b ab ly  n o t q u i te  t r u e  f o r  A tr ip le x  c o n f e r t i f o l i a , which 
seems to  re a c h  i t s  g r e a t e s t  abundance in  th e  G re a t Basin (B il l in g s  19it9), 
This sp e c ie s  i s  n o t  found in  th e  g ra s s la n d  v e g e ta tio n  o f  the study  a re a , 
b u t  i s  r e s t r i c t e d  e n t i r e ly  to  th e  bad land  topography.
A lthough b o th  A tr ip le x  c o n f e r t i f o l i a  and S arcobatus verm icu la tu s 
a re  more commonly th o u g h t o f a s  n o r th e rn  d e s e r t  s p e c ie s , Sarcobatus 
v e rm ic u la tu s  i s  a r a th e r  common sp e c ie s  i n  many of th e  v a lle y s  and 
bo ttom lands of so u th e a s te rn  M ontana, E x tensive  s tan d s  o f t h i s  l a t t e r  
sp e c ie s  a re  common in  th e  bo ttom lands a s  f a r  w est as W h iteh a ll, H ardin, 
and B i l l i n g s ,  a s  w e ll  as on some of the  f l a t s  and r iv e r  te r r a c e s  in  th e  
s tu d y  a r e a .
Tree v e g e ta t io n . Two of th e  b ad land  c ommuni ty - ty p e s ,  th e  Ju n ip e ru s-  
Agropyr on and th e  P in u s-Ju n ip e ru s  com m unities, a re  dominated by t r e e  
v e g e ta t io n . In c lu d ed  in  t h i s  g roup , a lthough  n o t a badland community i s  
th e  Ju n ip e ru s-O ry zo p sis  community, A fo u r th  community, th e  Rhus-  
Agropyron community, was o c c a s io n a lly  found to  have a few s c a t te re d  p in e  
and ju n ip e r  p la n t s ,  b u t  th ey  a re  n o t c o n s is te n t  members of i t s  v eg e ta ­
t io n ,  I n  th e  l a t t e r  c a s e , t r e e s  compose only  18,7  p e rc e n t o f th e  t o t a l
veg e t a t iv e  c o v e r ,
Only two sp e c ie s  o f t r e e s  were encoun tered  in  th e  sanp ling  o f the  
bad lan d  v e g e ta t io n ,  Ju n ip e ru s  scopulorum  and Pinus pondero sa , a lthough  a 
few s c a t te r e d  p la n ts  o f Ju n ip e ru s  h o r iz o n ta l i s  were observed . In  the
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Juniperus-A gropyron  commanity t r e e  cover accoun ts fo r  93 ,5  p e rcen t of th e  
t o t a l  v e g e ta t iv e  co v e r . Very few t r e e s  o f p in e  w ere encountered  in  th i s  
community, th e  p r in c ip a l  sp e c ie s  b e in g  Ju n ip e ru s  scopulorum . In  the  
P in u s-Ju n ip e ru s  community, t r e e  cover composes 88.1  p e rc e n t o f th e  t o t a l  
v e g e ta t iv e  co v e r. P inus ponderosa com prises abou t 70 p e rc e n t of th e  
t o t a l  co v e r , and Ju n ip e ru s  scopulorum  about 18 p e rc e n t.  The Ju n ip e ru s-  
O ryzopsis community i s  composed o f 96.9  p e rc e n t t r e e s  o f th e  t o t a l  vege­
t a t i o n ,  Ju n ip e ru s  scopulorum  com prising 96 p e rc e n t ,  and Pinus ponderosa 
le s s  th a n  one p e rc e n t .
Community d i f f e r e n t i a t i o n  based  on t r e e  abundance i s  e a s i ly  accom­
p l is h e d  f o r  th e  two tre e -d o m in a ted  bad land  c ommuni ty - ty p e s .  The g re a t  
abundance o f P inus ponderosa i n  th e  P in u s-Ju n ip e ru s  community, and i t s  
sc a rce  p re sen ce  in  th e  Jun iperu  s -Agr opyr on community serve  to  d i s t i n ­
g u ish  th e s e  two com m unities. D is t in c t io n  between th e  l a t t e r  community 
and i t s  c lo se  r e l a t i v e ,  th e  Ju n ip eru s-O ry zo p sis  community, based  on 
t r e e  s p e c ie s  p resen ce  a lone i s  more d i f f i c u l t .  In  terms o f r e l a t iv e  
abundance th e  J  un iperu  s -Or y z op s i  s community has a much h ig h er cover of 
Ju n ip e ru s  scopulorum , and a much h ig h e r  freq u en cy  (Appendice V III and IX ).
P inus ponderosa i s  a common so u th e a s te rn  Montana s p e c ie s , p r in c i ­
p a l ly  on n o r th  s lo p e s  and o th e r  m oist a r e a s .  Booth (1950) in d ic a te s  
t h a t  th e  common e a s te rn  Montana sp e c ie s  may be P inus ponderosa v a r .  
scopulorum , a v a r ie ty  of th e  ty p ic a l  Rocky Mountain form . O ccasio n a lly  
m orpho log ica l v a r ia t io n s  observed in  some of th e se  p la n ts  in d ic a te  th a t  
th e re  may be more than  one ecotype p re s e n t  in  th e  s tu d y  a re a . Most 
u s u a l ly  P inus ponderosa a t t a in s  a maximum h e ig h t of 1|0 to  60 f e e t  in  the  
b a d la n d s , w ith  d iam eters  seldom exceeding 12 in ch es  a t  b r e a s t  h e ig h t.
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G rass and g r a s s l ik e  v e g e ta t io n . G rasses  and g r a s s l ik e  p la n ts  com­
pose a g r e a te r  p a r t  o f th e  v e g e ta tio n  o f th e  c ommuni ty - ty p e s  than  fo rb s , 
and perh ap s  a re  e c o lo g ic a l ly  one o f th e  most im p o rtan t groups o f p la n ts  
in  t h i s  c a s e . A summary o f th e  im p o rtan t g ra sse s  o ccu rrin g  in  each 
commun!ty - ty p e  i s  p re se n te d  in  F ig u re  Only fo u r  o f th e  most abun­
d an t sp e c ie s  of g ra s s e s  were in c lu d ed  in  th e  h isto g ram , in  a d d itio n  to  
one subdom inant o f th e  Ju n ip e ru s-O ry zo p sis  community.
G rasses  a re  most abundant in  th e  A rtem isia-A gr opyr on community, 
composing 28.2  p e rc e n t of th e  t o t a l  abundance. The most abundant 
s p e c ie s ,  and by  f a r  th e  most im p o rta n t e c o lo g ic a l ly ,  i s  Agropyron 
sp icatum  w ith  an abundance o f 2 .2  f e e t  p er hundred f e e t  of l i n e .  O ther 
im p o rtan t g ra sse s  in c lu d e  B outeloua c u r tip e n d u la  and B. g r a c i l i s . The 
Rhus-Agropyron community i s  composed o f  12.2 p e rc e n t g ra s s e s ,  p r im a r ily  
o f Agropyron sp icatum  and B outeloua c u r t ip e n d u la . The A rtem is ia -  
A trip lex -A gropyron  community i s  composed p r im a r i ly  o f Agropyron spicatum  
and O ryzopsis hym enoides. G rass cover com prises 10.2 p e rc e n t o f  th e  
t o t a l  cover in  t h i s  community. The P in u s-Ju n ip e ru s  community i s  unique 
in  t h a t  a lth o u g h  g ra s s e s  com prise on ly  7.5  p e rc en t of th e  t o t a l  co v er, 
a g r e a te r  number of h ig h ly  abundant sp ec ie s  i s  p re sen t th an  in  any of 
th e  o th e r  com m unity-type s .  The most abundant sp ec ie s  in c lu d e  Agropyron 
sp ica tu m , Andropogon s c o p a r iu s , B outeloua c u r t ip e n d u la , B, g r a c i l i s , and 
Carex f i l i f o l i a .
Of th e  rem ain ing  bad land  commun!ty - ty p e s ,  th e  S arcobatus community 
i s  composed o f 3 .2  p e rc e n t g ra s s e s .  The most im p o rta n t sp ec ie s  in c lu d e  
B outeloua g r a c i l i s  and D is t i c h l i s  s t r i c t a . The Jun ip  erus-A gr opyr on 
community i s  composed o f 2 .3  p e rc e n t g r a s s e s ,  p r im a r i ly  Agropyron
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sp ica tum  and B outeloua c u r t ip e n d u la . The low est g ra s s  com position of 
a l l  th e  c ommuni ty - ty p e s  occurs in  th e  A tr ip le x -A rte m is ia  community, w ith  
a com position  o f 1*2 p e rc e n t .  Only two sp e c ie s  o f g ra ss  were encountered 
in  t h i s  community, Agropyron sp icatum  and O ryzopsis hymenoides.
The J u n ip e ru s - O ryzopsis community r e p re s e n ts  a r a th e r  s p e c ia l  case , 
i n  t h a t  one sp e c ie s  of g r a s s ,  O ryzopsis m ic ra n th a , and Carex pensy lvan ica 
were found i n  none o f th e  o th e r  com m unity-types. The name of t h i s  com­
m unity was in te n d e d  to  r e f l e c t  t h i s  phenomena r a th e r  th an  the r e l a t iv e  
abundance o f O ryzopsis m ic ran th a . Agropyron sp icatum  i s  th e  most abun­
d an t g ra s s ,  b u t  th e  r e l a t i v e l y  h igh  abundance of O ryzopsis m icrantha i s  
more s t r ik in g  and consp icuous. The t o t a l  g ra ss  com position i s  1 ,9  p e r­
c e n t o f th e  t o t a l  abundance.
From th e  s ta n d p o in t o f d is t in g u is h in g  between community-types on 
th e  b a s is  o f g r a s s e s ,  th e  abundance o f the  most im p o rtan t sp ec ies  i s  
q u i te  s t r i k i n g .  The S arco b a tu s  community can be d is t in g u is h e d  on th e  
b a s is  o f th e  high  abundance o f D is t i c h l i s  s t r i c t a , Bouteloua g r a c i l i s , 
Agropyron s m i t h i i , and th e  e x c lu s iv e  occurrence of Agropyron 
dasystachyum . The A tr ip le x -A rte m is ia  community i s  reco g n izab le  on th e  
b a s is  o f  th e  alm ost t o t a l  lack  o f g ra s s  co v er, and th e  occurrence of 
on ly  two or th re e  sp e c ie s  ^ e r e  th e y  a re  p re s e n t .
The A rtem is ia -A trip lex -A g ro p y ro n , A rtem isia-A gropyron , and Rhus-  
Agropyron com m unities have an  in te r e s t in g  f e a tu re  in  common, t h a t  o f 
su p p o rtin g  by f a r  th e  g r e a te s t  abundance of Agropyron sp icatum . In  
each com m unity-type m entioned above, th i s  one sp e c ie s  composes more than  
68 p e rc e n t  of th e  abundance o f a l l  g r a s s e s .  The abundance values fo r  
Agropyron spicatum  a re  1,1:, 2 ,2 ,  and 1 ,3  f e e t  p e r hundred f e e t  of l i n e
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r e s p e c t iv e ly  i n  each com m unity-type. On b a s is  o f the  abundance of th e  
su b o rd in a te  g ra s s e s ,  in c lu d in g  B outeloua c u r t ip e n d u la , B. g r a c i l i s ,
S t ip a  com ata, and S . v i r i d u a l a , th e  A rtem isia-A gropyron community i s  
e a s i ly  d is t in g u is h e d .  A lso , th e  l a t t e r  community su p p o rts  alm ost tw ice 
as  much Agropyron sp icatum  as th e  o th e r  com m unity-types, The o th e r two 
com m unities do n o t su p p o rt S t ip a  v i r i d u l a . A com parison o f th e  g ra s s  
sp e c ie s  in  th e  Rhus -Agropyron and th e  Artem i s ia -A tr lp  1 ex-Agr opyr on com­
m u n itie s  shows th a t  a lm ost th e  same id e n t i c a l  sp e c ie s  a re  p re s e n t .
There a re  two r a th e r  s ig n i f i c a n t  d if fe re n c e s  in  th e  g ra ss  com position 
o f th e se  two com m unity-types however. The Rhus -Agr opyr on community sup­
p o r ts  a s u b s ta n t i a l  cover of Andropogon s c o p a r iu s , which i s  com pletely  
la c k in g  in  th e  A rtem i s i  a -A tr ip  le x - A gr opyr on community, and a compara­
t i v e l y  much g r e a te r  abundance o f B outeloua c u rtip e n d u la  than  th e  l a t t e r  
community.
Of th e  rem ain ing  com m unity-types, th e  Jun iperus-O ryzopsis  community 
can e a s i ly  be d is t in g u is h e d  on th e  b a s is  o f th e  conspicuous and ex c lu ­
s iv e  p resen ce  o f O ryzopsis m ic ra n th a . The most abundant g ra ss  in  th e  
J  un iperus-A gropyron community i s  by f a r  Agropyron sp icatum , and th e  
o th e r  sp e c ie s  a re  com p ara tiv e ly  f a r  le s s  im p o rtan t. In  th e  P inus-  
Ju n ip e ru s  community th e  h igh  abundance of s e v e ra l  sp ec ie s  of g ra ss  i s  
s t r i k i n g .  A lthough Agropyron sp icatum  i s  the  most abundant s p e c ie s , 
Andropogon sc o p a riu s  and B outeloua c u r tip e n d u la  tak en  to g e th e r  have a 
h ig h e r  abundance. R e la tiv e  to  th e  g ra s s  v e g e ta tio n , dominance i s  shared  
in  t h i s  community by s e v e ra l  sp ec ie s  r a th e r  than  one.
The g e n e ra l over a l l  abundance o f Agropyron sp icatum  i s  of s i g n i f i ­
c a n t im portance in  th e  b a d lan d s . This sp e c ie s  i s  th e  most abundant
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g ra s s  sp e c ie s  in  ev ery  com m unity-type ex cep t th e  S arcobatus community. 
The e c o lo g ic a l  am plitude o f t h i s  sp e c ie s  i s  c o n s id e ra b ly  w ider than th a t  
o f any o th e r  sp e c ie s  o f g r a s s  in  th e  b a d lan d s . F ie ld  o b se rv a tio n s  and 
a n a ly s is  o f th e  v e g e ta tio n  d a ta  in d ic a te  t h a t ,  in  term s o f  abundance and 
freq u en cy , Agropyron sp icatum  i s  e c o lo g ic a l ly  th e  most im portan t sp ec ies  
o f g ra ss  in  th e  b ad lan d s  o f  so u th e a s te rn  Montana,
Forb v e g e ta t io n . Abundance d a ta  f o r  fo rb s  a re  n o t in c lu d ed  in  
F ig u re  iL because  no sp e c ie s  of fo rb  a t ta in e d  a s u f f i c i e n t  abundance 
m agnitude com parable w ith  t h a t  o f th e  dominant and  subdominant sp e c ie s , 
Forbs compose le s s  th an  one p e rc e n t of the  t o t a l  abundance f o r  every  
s ta n d  o f each community-type s tu d ie d .  The g r e a te s t  fo rb  com position 
occurs in  th e  Rhus-Agropyron and Jun iperus-O ryz ops i s  com m unities, making 
up 0*9 p e rc e n t  of th e  t o t a l  abundance in  each . The most abundant fo rb s  
in  th e  Rhu s -Agr opyr on community in c lu d e  A rtem isia  d racu n cu lu s , C ryp t-  
a n th e  b ra d b u r ia n a , and S p h aera lcea  co c c in e a . In  th e  Jun iperus-O ryzopsis  
community th e  most im p o rtan t fo rb  sp e c ie s  in c lu d e  A c h ille a  m ille fo liu m , 
C erastium  a rv e n se , and S a lid ag o  m is s o u r le n s is , In  th e  Ju n ip e ru s-  
Agropyr on community, C erastium  arv en se  has th e  g r e a te s t  abundance of any 
fo rb  s p e c ie s  in  a l l  th e  p la n t  com m unity-types.
I n  th e  S arco b a tu s  community th e  t o t a l  fo rb  abundance i s  0 ,3  p e rc e n t 
o f th e  t o t a l  sp e c ie s  abundance, and th e  im p o rtan t sp ec ie s  in c lu d e  Opuntia 
p o ly can th a  and 0 . f r a g i l i s . The number of fo rb  sp e c ie s  in  th e  A tr ip le x -  
A rte m is ia  and th e  A rtem isia -A trip lex -A g ro p y ro n  communities a re  very  few. 
These two com m unities have th e  lo w est fo rb  abundance of a l l  the e ig h t  
com m unities s tu d ie d ,  b e in g  0 ,2  p e rc e n t of th e  t o t a l  abundance. The most 
abundant s p e c ie s  in  th e  form er community i s  Phlox c a e s p i to s a , and
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S p h ae ra lcea  co ccinea in  th e  l a t t e r ,  S p h aera lcea  coccinea  i s  a lso  th e  
most abundant fo rb  in  th e  Ar tem i s i a  -A g r opyr on community, w ith  a fo rb  
com position  o f 0 ,3  p e rc e n t .  Phlox c a e s p ito sa  i s  th e  most abundant fo rb  
in  th e  P in u s-Ju n ip e ru s  community,
F orbs a re  n o t  a p a r t  o f th e  dom inant v e g e ta tiv e  s tru c tu re  in  any of 
th e  com m unity-types and t h e i r  e c o lo g ic a l  r o le  i s  p ro b ab ly  q u ite  s i g n i f i ­
c a n t ,  I n  t h i s  p a r t i c u la r  s tu d y  th e  sa n p lin g  techn ique  was designed w ith  
th e  dom inant sp e c ie s  p r im a r i ly  in  mind. However, q u a n t i ta t iv e  d a ta  fo r  
secondary  fo rb  s p e c ie s  were c o l le c te d  f o r  what in fo rm a tio n  i t  m ight add 
to  th e  t o t a l  s tu d y ,
Badland M icrocom m unities
S e v e ra l in t e r e s t i n g  microcomm unities were observed in  th e  badlands 
o ccu rrin g  w ith  th e  m ajor com m unity-types. The microcommunities a re  
u s u a lly  q u i te  sm a ll, ran g in g  from s e v e ra l  square f e e t  to  s e v e ra l  hundred 
square  f e e t ,  and c o l l e c t iv e ly  composing le s s  th an  one p e rc e n t of th e  
t o t a l  b ad lan d  su rfa c e  a r e a .  Q u a n ti ta t iv e  v e g e ta tio n  d a ta  were n o t c o l­
l e c te d  f o r  th e s e  m icrocom m unities, b u t  sp ec ie s  l i s t s  and f i e l d  n o tes  on 
e s tim a te d  abundance were made. In  some cases s o i l  samples were a lso  
c o l le c te d .
M icrocom m unities a re  dom inated by one sp ec ie s  in  most c a se s , and 
a re  named f o r  th e  dominant in  each c a se . The v a rio u s  microcommunities 
s tu d ie d  a r e :  th e  Eriogonum m u ltic e p s , Sporobolus c ry p ta n d ru s , D is t i c h l i s
s t r i c t a , Agropyron s m i th i i , Penstemon e r ia n th e ru s , and th e  O xytropis 
la m b e r t i i  microcommuni t i e  s ,
■^3"*
Dominant S p ec ies  D is t r ib u t io n
A c o n s id e ra b le  amount o f sp e c ie s  overlapp ing  occurs among the  
v a r io u s  com m unity-types. This i s  to  be expected  because th e  e c o lo g ica l 
to le ra n c e  l im i ts  o f most s p e c ie s  a re  u s u a lly  broad  enough to  perm it a 
c e r ta in  amount o f h a b i t a t  o v e r la p . A dominant sp ec ie s  in  one community- 
type  can be expected  to  be a subdom inant in  ano ther k in d , and p o s s ib ly  a 
secondary  s p e c ie s ,  or co m ple te ly  lack in g  in  an o th e r com m unity-type. The 
v a r ia t io n  in  th e  env ironm enta l f a c to r s  among h a b i ta ts  th u s  in flu e n c e s  
th e  e c o lo g ic a l  s ta tu s  o f every  s p e c ie s .  One measure o f h a b i ta t  i n f l u ­
ence i s  th e  d e te rm in a tio n  o f th e  r e l a t i v e  v a r ia t io n  o f a sp ec ie s  so c io ­
lo g ic a l  b eh av io r r e l a t i v e  to  d i f f e r e n t  h a b i t a t  c o n d itio n s .
Dominant sp e c ie s  v a r ia t io n  among com m unity-types. Of a l l  th e  p la n t  
sp e c ie s  encoun tered  in  th e  v e g e ta tio n  sam pling , on ly  seven a re  of domi­
n a n t or sub dom inant s t a t u s .  These seven sp ec ies  a re :  Agropyron
sp ica tu m , A rtem is ia  t r i d e n t a t a , A tr ip le x  c o n f e r t i f o l i a , Ju n ip eru s scopu­
lorum , P inus p o n d ero sa , Rhus t r i l o b a t a , and S arcobatus v e rm ic u la tu s .
Each o f th e s e  sp e c ie s  i s  a dominant in  a t  l e a s t  one community-type 
ex cep t f o r  Agropyron sp ica tu m . A lso , each of the seven sp ec ie s  occur in  
d i f f e r e n t  com m unity-types o th e r th a n  t h a t  in  which th ey  a re  th e  dominant, 
i n  which case  th e y  occur as subdom inant or secondary  sp e c ie s . For 
exam ple, A rte m is ia  t r i d e n t a t a  i s  a dominant in  th e  Artem is ia  -A trip  le x -  
Agropyron and th e  A rtem isia-A gropyron com m unities, a subdominant in  th e  
A tr ip le x -A r te m is ia , and a secondary  sp e c ie s  in  th e  Sarcobatus and 
Ju n ip e ru  s-A gropyron com m unity-types,
A c h i-sq u a re  a n a ly s is  was made to  t e s t  i f  th e  abundance of each of 
th e se  s p e c ie s  i s  s ig n i f i c a n t ly  d i f f e r e n t  among th e  v a rio u s  community-
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ty p e s  i n  which th e y  a re  found . The abundance of each sp ec ie s  in  one 
s ta n d  o f a community-type was compared w ith  i t s  abundance in  a p a ire d  
s ta n d  o f a n o th e r com m unity-type. S tands of d i f f e r e n t  community-types 
were p a ir e d  on ly  i f  th e y  o ccu rred  a t  th e  same lo c a t io n .  For example, 
s tan d s  of th e  A rtem is ia -A trip lex -A g ro p y ro n  and th e  A rtem isia-A gropyron 
communities were sampled a t  th re e  of th e  same lo c a t io n s  (Appendix I I ) ,  
and were th u s  th re e  p a ire d  s ta n d s . In  one c a se , s ta n d s  o f two community- 
ty p es  cou ld  be p a ire d  a t  o n ly  one lo c a t io n ,  whereas in  most in s ta n c e s  
p a i r in g  was p o s s ib le  a t  th re e  or fo u r  lo c a t io n s .
S tan d s of d i f f e r e n t  com m unity-types were p a ire d  on ly  i f  th e y  sup­
p o rte d  th e  same sp e c ie s  as a dominant or subdom inant. For in s ta n c e , 
s tan d s  o f th e  Jun iperus-A gropyron  and th e  A tr ip le x -A rte m is ia  communi­
t i e s  were n ever p a ire d  b ecau se  th e  m ajor sp ec ie s  a re  d i f f e r e n t  in  each. 
The n u l l  h y p o th e s is  was made t h a t  th e re  i s  no s ig n i f ic a n t  d i f f e r ­
ence in  the  abundance o f a sp e c ie s  t h a t  occurs in  d i f f e r e n t  community- 
ty p e s ,  The observed abundance v a lu es  in  each o f the  p a ire d  s tan d s  were 
averaged  a t  each lo c a t io n  f o r  th e  p a r t i c u la r  sp ec ie s  b e ing  co n sid e red . 
T h is average a t  each lo c a t io n  was co n s id e red  th e  expected abundance as 
su g g ested  by  Snedecor (19^6) and E ll is o n  (19^9)* These observed and 
ex p ec ted  v a lu e s  were used  in  c a lc u la t in g  th e  ch i-sq u a re  fo r  each of the  
m ajor sp e c ie s  between each communi ty - ty p e  in  which i t  occurred .
T able  2 shows th e  r e s u l t s  o f th i s  c h i-sq u a re  a n a ly s is ,  in  which i s  
a ls o  in d ic a te d  th e  com m unity-types which were p a ire d  f o r  each sp e c ie s . 
Appendix I I  in d ic a te s  th e  number o f lo c a t io n s  a t  which s tan d s of th e  
com m unity-types were p a ir e d .  The r e s u l t s  o f t h i s  a n a ly s is  in d ic a te  
t h a t  th e r e  i s  a h ig h ly  s ig n i f i c a n t  d if fe re n c e  in  th e  abundance of th e
T able  2 , Summary o f  c h i- sq u a re  a n a ly s is  o f  dominant sp e c ie s  abundance v a r ia t io n  betw een community' 
ty p e s .
S pecies Community-Types Compared C hi-square
Agropyron
spicatum
A rtem is ia -A trip lex -A g ro p y ro n  + A rtem isia-A gropyron 
A rtem is ia -A trip lex -A g ro p y ro n  + A trip lex -A rte m is ia -  
A rtem isia-A gropyron + Rhus-Agropyron 
A rtem is ia -A trip lex -A g ro p y ro n  + Rhus-Agropyron
320.2 ** 
317c8 ** 
71.6  **
A rtem is ia
t r i d e n t a t a
A rtem isia -A trip lex -A g ro p y ro n  + A tr ip le x -A rte m is ia  
A rtem isia -A trip lex -A g ro p y ro n  + Sarcobatus 
A rtem isia -A trip lex -A g ro p y ro n  + A rtem isia-A gropyron 
A tr ip le x -A rte m is ia  S arcobatus
910.6 ** 
350.2 **
580.6 ^  
20.6  **
A tr ip le x
c o n f e r t i f o l i a
A rtem isia -A trip lex -A g ro p y ro n  + A tr ip le x -A rte m is ia  
A rtem isia -A trip lex -A g ro p y ro n  + A rtem isia-A gropyron 
A tr ip le x -A rte m is ia  + Sarcobatus
266.8  ** 
2129.2  ^  
941.2 **
Ju n ip e ru s
scopulorum
Juniperus-A gropyron  + P in u s-Ju n ip e ru s 4464.2 **
Rhus
t r i l o b a t a
Rhus-Agropyron + P in u s-Ju n ip e ru s 1659.2  **
Pinus
ponderosa
P in u s-Ju n ip e ru s  + Juniperus-A gropyron 7501.8 **
S arcobatus
v erm icu la tu s
S arcobatus + A tr ip le x -A rte m is ia 1812.0 **
I
ONvnI
* p r o b a b i l i ty  l e v e l  between .05 and .01
** p r o b a b i l i ty  l e v e l  le s s  th a n  .01
m ajor sp e c ie s  between community types#
A lthough Agropyron sp icatum  i s  n o t  a dominant sp e c ie s  in  any 
com m unity-type, i t  was in c lu d e d  in  t h i s  a n a ly s is  because of i t s  alm ost 
u b iq u ito u s  o ccu rren ce  a s  a subdominant# This sp e c ie s  i s  a subdominant 
i n  th e  A rtem is ia -A trip lex -A g ro p y ro n , A rtem isia-A gropyron , Rhus-Agropyron, 
and th e  ^u n ip e ru s -Agropyron com m unities. I t  i s  on ly  a secondary sp ec ies  
in  a l l  o f  th e  rem ain ing  com m unity-types,
Dominant sp e c ie s  v a r ia t io n  w ith in  com m unity-types. Another measure 
o f env ironm en ta l v a r ia t io n  on th e  d i s t r ib u t io n  o f v e g e ta tio n  i s  th e  s ig ­
n if ic a n c e  o f th e  d if f e re n c e s  between dominant and subdominant sp ec ies  
w ith in  th e  same community-type# Such an a n a ly s is  was designed  to  mea­
su re  th e  u n ifo rm ity  in  b o ta n ic a l  com position from s tan d  to  s tan d  w ith in  
each community-typeo The im p lic a tio n  from such an a n a ly s is  would be 
t h a t  h a b i ta t s  r e p e a t  them selves w ith  a degree of r e g u la r i ty  as in d ic a te d  
by th e  m athem atical measurement o f v a r ia t io n .  I f  th e  app aren t d i f f e r ­
ences a re  c o n s is te n t  and s ig n i f i c a n t  th e  in d ic a t io n  would be th a t  th ey  
a re  n o t  chance d i f f e r e n c e s ,  b u t a re  due to  r a th e r  s p e c i f ic  and c o n s is te n t  
env ironm en ta l c o n d i t i  ons,
A c h i-sq u a re  a n a ly s is  was made to  t e s t  f o r  th e  s ig n if ic a n c e  o f th e  
d if f e r e n c e s  between m ajor sp e c ie s  occu rring  in  each community-type 
accord ing  to  th e  method of Cook and H urst (1962). Table 3 i s  a summary 
o f t h i s  a n a ly s is .  The r e s u l t s  of t h i s  a n a ly s is  in d ic a te  th a t  th e re  i s  
more th a n  99 chances in  a hundred t h a t  the  d i s p a r i ty  between sp ec ie s  i s  
due t o  env ironm ent, and le s s  th a n  one chance in  a hundred th a t  i t  i s  due
to  sampling#
Cole (19h9) used  a s im ila r  c h i-sq u a re  tech n iq u e  employing frequency
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T able 3 , Summary o f th e  c h i-sq u a re  a n a ly s is  o f th e  v a r ia t io n  in  the  
abundance between m ajor sp e c ie s  w ith in  com m unity-types.
C ommuni ty-T ype S p ec ies  Compared Chi-square
S arco b a tu s
S arco b a tu s  v e rm ic u la tu s  +
A rtem is ia  t r id e n t a t a  
S arcobatus v e rm icu la tu s  +
A tr ip le x  c o n f e r t i f o l i a  
S arco b a tu s  v e rm icu la tu s  +
Sueada f r u i t i c o s a
1 2 6 6 .S
L86.3 ^  
935,6 **
A tr ip le x -  
A rte m is ia
A tr ip le x  c o n f e r t i f o l i a  +
A rtem is ia  t r i d e n t a t a  
A tr ip le x  c o n f e r t i f o l i a  *
Eriogonum m ulticeps 
A tr ip le x  c o n f e r t i f o l i a  +
Agropyron sp icatum
6U1.6 -îHf
559.5 ^  
79.9 **
A rte m is ia -
A tr ip le x -
Agropyron
A rtem is ia  t r i d e n t a t a  +
A tr ip le x  c o n f e r t i f o l i a  
A rtem is ia  t r i d e n t a t a  +
Agropyron spicatum  
A tr ip le x  c o n f e r t i f o l i a  +
Agropyron spicatum
ii90.3 ^
508.9
367.8
A rte m is ia -
Agropyron
A rtem is ia  t r i d e n t a t a  +
Agropyron spicatum 270.U **
Rhus-Agropyron Rhus t r i l o b a t a  + Agropyron spicatum 3i.08 .1  **
Ju n ip e ru s -
Agropyron
Ju n ip e ru s  scopulorum  +
Agropyron spicatum 558.2 **
J u n ip e ru s - Ju n ip e ru s  scopulorum  +
O ryzopsis m icrantha 93.7 ^
P in u s-
Ju n ip e ru s
P inus ponderosa + Ju n ip e ru s  scopulorum 9581.9 iwe
^ p r o b a b i l i ty  l e v e l  between ,05  and .01  
** p r o b a b i l i ty  l e v e l  le s s  th an  .01
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d a ta  to  q u a n tify  th e  amount of i n t e r s p e c i f i c  a s s o c ia t io n  between organ­
ism s, P o s i t iv e  a s s o c ia t io n  i s  to  be a n t ic ip a te d  in  th e  case of two 
s p e c ie s  w ith  overlapp ing  h a b i t a t  req u irem en ts  which i n t e r a c t  in  such a 
way as  to  fa v o r  m utual p re se n c e . A lthough in t e r s p e c i f i c  a s so c ia tio n  
was n o t  in v e s t ig a te d  in  t h i s  s tu d y , th e re  a re  in d ic a t io n s  which suggest 
a c e r ta in  amount o f p o s i t iv e  a s s o c ia t io n  between A rtem is ia  t r id e n ta ta  
and Agropyron sp icatum  in  most of th e  bad land  h a b i t a t s ,
Edaphic In f lu e n c e s  and Community D is tr ib u t io n
S o i l  sam ples were c o l le c te d  from  v ario u s  w idely  s c a t te re d  s tan d s  of 
each com m unity-type s tu d ie d .  The s o i l s  of some of th e  s tan d s  which were 
sampled f o r  b o ta n ic a l  com position  were n o t c o l le c te d ,  p a r t i c u la r ly  those  
s tan d s  s tu d ie d  du ring  th e  e a r ly  phases o f the  s tu d y . However, a t o t a l  
o f 103 s o i l  sam ples were c o l le c te d ,  coun ting  bo th  upper and lower h o r i ­
zons, n in e ty - th r e e  of which were c o l le c te d  in  badland com m unity-types, 
e ig h t  from th e  Ju n ip e ru s - Oryzo p sis  com m unity-type, and two from th e  bad­
la n d  m icrocom m unities.
The p resen ce  of norm ally  developed s o i l s  i s  l a r g e ly  lack in g  in  th e  
bad lan d  com m unity-types. The l im ite d  amount o f developed s o i l s  found 
belong  t o  th e  azo n a l o rd er of s o i l s ,  and c o n s is t  o f  th e  L ith o so l and 
R egosol g r e a t  s o i l  g roups, L ith o so ls  a re  th e  most ex ten s iv e  of th e  two, 
and a re  commonly found where m assive san d sto n e  occurs n ear th e  su rfa c e  
on g e n t le  s lo p es  or on f l a t  mesa to p s  and lo c a l  p e n in s u la r - l ik e  benches 
which p r o je c t  o u t from th e  bad land  s lo p e s .  These a rea s  u a ia l ly  su p p o rt 
s tan d s  o f th e  P in u s-Ju n ip e ru s  com m unity-type, R egosols a re  commonly 
found as  k n o lls  o f co lluv ium  or sandstone ou tcrop  rem nants a t  the  base
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o f b ad lan d  s lo p e s ,  P ln u s-Ju n ip e ru s  s ta n d s  a re  u s u a lly  found on th ese  
k n o lls  a l s o .  The s o i l s  o f th e  Ju n ip e ru s - O ryzopsis community-type are  
a ls o  p ro b ab ly  R egoso ls,
For th e  most p a r t  the  m a te r ia l  i n  th e  bad lands which serves as a 
medium f o r  p la n t  growth i s  n o t developed s o i l  in  th e  sense  of th e  p ed o l­
o g is t ,  By f a r ,  th e  g r e a te s t  amount of s o i l  m a te r ia l  i s  composed o f con­
s o l id a te d  and u n c o n so lid a te d  g e o lo g ic a l  m a te r ia ls  composed o f in te rb ed d ed  
sh a le s  o f c la y  and s i l t ,  d e p o s its  o f p o r c e l la n i te ,  and c o l lu v ia l  ta lu s  
s lo p e s ,  C o llu v ia l  s lo p e s  a re  composed o f u n co n so lid a ted  fragm ents of 
san d s to n e , s i l t s  to n e , c la y  and s i l t  s h a le s ,  and o fte n  p o r c e l la n i te  f r a g ­
ments w hich have accum ulated from w eathered m a te r ia l on th e  s lo p es  above.
O ften th e re  was some d i f f i c u l t y  in  c le a r ly  d es ig n a tin g  th e  s o i l  
h o rizo n  sequence in  th i s  m a te r ia l .  A lthough lo o se ly  r e f e r r e d  to  as 
s o i l ,  t h i s  m a te r ia l  does n o t d isp la y  th e  ty p ic a l  h o r izonation  o f normal 
s o i l s .  T h e re fo re , where some d i f f e r e n t i a t i o n  in  th e  s o i l  m a te r ia l  was 
a p p a ren t th e  d i f f e r e n t  la y e r s  were r e f e r r e d  to  as upper and lower h o r i­
zo n s , When s o i l  samples were c o l le c te d  from th e  v e ry  s tee p  su rfa ce s  of 
in te rb e d d e d  s h a le s  of c la y  and s i l t ,  th e  c la y  m a te r ia l  was r e f e r r e d  to  
as th e  upper h o riz o n , and th e  s i l t  as th e  low er. This a lso  i s  a non­
co n fo rm ity  i n  th e  sense  t h a t  both  beds a re  h o r iz o n ta l  sed im entary  
d e p o s its  which a re  exposed on th e  s lo p e  s u r f a c e s ,  and have th e  appear­
ance o f p a r a l l e l  bands. In  p o r c e l la n i te  beds h o r izonation  was observed 
a t  on ly  one lo c a t io n ,  and th e  s o i l  a n a ly s is  d a ta  from i t  are  n o t gener­
a l l y  a p p lic a b le  to  a l l  low er h o rizo n s t h a t  may occur in  th is  m a te r ia l .
A g e n e ra l summary o f th e  s o i l  an a ly ses  made fo r  b o th  horizons of 
each com m unity-type i s  p re se n te d  in  Table ü . Each v a lu e  p re sen ted
T ab le  4 . Summary o f  th e  s o i l  c h a r a c t e r i s t i c s  o f th e  upper and low er h o rizo n s fo r  each com m unity-type. 
(V alues re p re s e n t  averages o f  s o i l  sam p les .)
Community-
Type
Number
S o i l
Samples
P ercen t
Sand
P ercen t
S i l t
P ercen t
Clay
P ercen t
Coarse
Frgrats-.
Perman, 
W ilt ing  
P ercen t
S o il
pH
Cond. 
mmhos. 
25°C.
Sodium 
me c/lOO 
grams
Calcium 
me./1 0 0  
grams
Sarcobatus
Upper Ik 19 .9 4 l . l 39 .0 11 13 .3 7 .9 7 .2 9 .1 9 .1
Lower 8 11 .0 45 .4 43 .6  _ 8 15 .4 8 .0 8 .7 12 .0 15.4
A^triplex-
A rtem isia
Upper 9 14.4 39.2 46 .3 28 10.5 7 .6 6 .2 2 .9 11 .4
Lower 9 20.5 43 .5 35.9 4 l 9 .5 7 .7 5 .8 4 .1 10 .7
A rtem isia- 
A tr ip le x -  
Agropyron 
Upper 8 31.4 35.1 34.0 18 9 .5 7 .6 1 .5 1 .0 10.5
Lower 3 19.6 58.0 22 .2 13 9 .4 8 .3 4 .9 5 .5 14 .7
A rtem isla-
Agropyron
Upper 5 32.6 30.3 37.1 21 10 .9 7 .8 0 .7 0 .4 1 1 .7
Lower 5 37.0 2 7 .7 35.2 17 9 .3 7 .9 1 .8 0*9 1 1 .9
Ettius-
Agropyron
Upper 10 51 .9 2 9 .9 17.2 47 8 .9 7 .7 0 .5 0 .3 14 .2
Lower 1 40 .4 54.2 5.5 70 19 .1 7 .9 2 .5 0 .4 400 .0
Ju n ip e ru s - 
Agropyron 
Upper T 2 5 .1 32.3 42.5 21 12 .1 7 .7 0 .7 0 .4 8 .0
Lower 5 28 .4 35.3 36.4 12 10.6 7 .9 0 .7 0 .5 9 .5
Ju n ip e ru s - 
O ryzopsis 
Upper k 32.1 38.5 29 .4 5 10.4 7 .6 0 .6 0 .3 7 .3
Lower k 26 .1 41 .8 32.0 8 10 .3 7 .8 0 .9 0 .3 8 .8
P inus- 
Ju n ip e ru s  
Upper 6 34.4 31.4 34.2 10 9 .2 7 .7 0 .6 0 .4 9 .3
Lower . . . 42 .3 42 .4 12 9 .9 7 .8 0 .6 0 .5 10 .7
I
I
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u s u a l ly  r e p re s e n ts  an average o f from s e v e ra l  to  lli sam ples.
S o i l  P h y s ic a l P ro p e r t ie s
S o i l  t e x tu r e . A s o i l  t e x tu r a l  a n a ly s is  o f th e  v a rio u s  s o i l  f r a c ­
t io n s  ( sand , s i l t ,  and c la y )  was made to  determ ine i f  th e re  was a te x ­
t u r a l  d if f e re n c e  among th e  v a r io u s  com m unity-types s tu d ie d ,  A summary 
o f th e  p e rc e n t san d , s i l t ,  and c la y  f o r  th e  upper and lower horizon  of 
each com m unity-type i s  p re se n te d  in  Table h»
On th e  b a s is  o f p e rc e n t  sand  in  the upper h o rizo n , th re e  groups of 
com m unity-types can b e  s e p a ra te d  (T ab le  I4) ,  The f i r s t  of th e se  in c lu d e  
th e  S a rco b a tu s  and th e  A tr ip le x -A rte m is ia  community-types w ith  a r e l a ­
t i v e l y  low p e rc e n t san d . The second group in c lu d e s  th e  A rtem isia -  
A t r i p  lex -A gr opyr on , A rtem isia-A gropyron , Jun iperus-A gr opyr on, Ju n ip e ru s-  
O ry zo p sis , and th e  P in u s-Ju n ip e ru s  com m unity-types w ith  a moderate 
p e rcen tag e  of san d . The l a s t  com m unity-type, th e  Rhus-Agropyron commun­
i t y ,  has a much h ig h er p e rc e n t sand th an  any o f th e  o th e r community- 
ty p e s .
The A tr ip le x -A rte m is ia  community-type has th e  l e a s t  amount o f sand , 
and th e  g r e a te s t  amount of c la y  i n  th e  upper (c la y )  h o rizo n , and r e p re ­
s e n ts  th e  h e a v ie s t  s o i l  of a l l  of th e  com m unity-types. This community 
can be s e p a ra te d  from th e  S arco b a tu s  community p r im a r ily  on th e  b a s is  of 
th e  c o a rs e r  f r a c t io n s  i n  each of th e  s o i l s .  The form er community has a 
s u b s t a n t i a l l y  lower p e rcen tag e  o f sand  and s i l t  th a n  th e  S arcobatus 
community. These r e la t io n s h ip s  change somewhat in  th e  lower horizons of 
th e  s o i l s  of th e s e  two com m unities. The A t r i p l e  x-Artem i s i  a community 
has a low er p e rc e n t o f c la y  th an  th e  S arcobatus community, and a h ig h er
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p e rc e n t  of san d .
Of th e  second group o f community-.types w ith  moderate percen tages of 
sand i n  th e  upper h o r iz o n , th e  J  un ip  e ru s  -Agr opyr on community can be d is ­
t in g u ish e d  from th e  o th e rs  on th e  b a s is  o f  c la y  c o n te n t. This community- 
type has th e  h ig h e s t  c la y  c o n te n t o f t h i s  group, and the  low est sand 
c o n te n t. The Ju n ip e ru s - O rzopsis  community can be d is tin g u ish e d  as 
having th e  h ig h e s t  p e rc e n ta g e  o f s i l t  and th e  l e a s t  amount o f c la y . The 
P in u s-Ju n ip e ru s  community has th e  h ig h e s t  p e rcen tag e  o f sand  o f th i s  
group o f com m unity-types. D is t in c t io n  of th e  rem aining two shrub- 
dom inated communities on th e  b a s is  o f te x tu re  has proven q u ite  d i f f i ­
c u l t ,  However, on th e  b a s is  of te x tu r e  in  th e  lower h o rizo n , the 
A rtem is ia -A trip lex -A g ro p y ro n  community has th e  g r e a te s t  amount of s i l t ,  
and th e  l e a s t  amount of c la y .  On th e  o th e r  hand, th e  A rtem isia -  
Agropyron community has th e  l e a s t  amount o f s i l t  in  th e  lower h o rizo n , 
and th e  g r e a te s t  p e rcen tag e  o f sand.
The Rhus -Agr opyr on community i s  d i s t i n c t  from a l l  the  o th e r 
com m unity-types in  term s o f i t s  h igh sand c o n te n t.  In  b o th  h o rizo n s, 
t h i s  community has by f a r  th e  g r e a te s t  sand c o n te n t w ith  $1.9  p e rc en t 
in  th e  upper, and i;0.h- p e rc e n t in  th e  lower h o riz o n . A lso , i t  has th e  
lo w est c la y  p e rcen tag e  in  each h o riz o n , w ith  17.2 and $ .$  p e rc e n t in  th e  
upper and low er h o riz o n s  r e s p e c t iv e ly .
There appears to  be no d if f ic u lty  in  d istinguish ing between the 
Rhus-Agr opyr on and the A triplex-A rtem isia communities on the basis of 
tex tu re . As might be expected, i t  seems that the more c lo se ly  related  
community-types are the most d i f f ic u lt  to  d istin gu ish  between on the 
b a sis  of s o i l  tex tu re . Thus the Sarcobatus and the Atriplex-Artem isia
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com m unities a re  more s im ila r  to  each o th e r  th an  to  any o th e r community» 
typBo The s i m i l a r i t y  between th e  A rtem isia-A  t r i p  lex~Agr opyr on and th e  
A rtem isia-A gropyron  com m unities i s  s tr ik in g ^  the p rim ary  d iffe re n c e s  
being  in  th e  s i l t  and c la y  com position^ The l a t t e r  community-type has a 
g r e a te r  p e rc e n t sand and c la y  c o n te n t th an  th e  form er community^
L i t t l e  d i f f i c u l t y  a r i s e s  in  th e  s e p a ra tio n  o f th e  th re e  t r e e -  
dom inated com m unity-types„ The Ju n ip e ru s -Agropyron community has th e  
l e a s t  amount of sand and th e  g r e a te s t  amount o f c la y  in  th e  upper h o ri»  
zon of t h i s  g roup , The P in u s-Ju n ip e ru s  community has the g r e a te s t  
amount of sand^ and th e  l e a s t  amount of s i l t  In  th e  upper horizon*
P e rc e n t co a rse  frag m en ts* A d i s t in c t io n  among th e  community- 
ty p es  based  on th e  e s tim a te d  p e rc e n t co arse  fragm ents i s  n o t p o s s ib le  in  
a l l  cases* A summary o f th e  p e rc e n t co arse  fragm ents by volume fo r  th e  
upper and low er h o rizo n s  o f each community-type i s  p re sen ted  in  Table ko 
The Rhus-Agropyron community-type has by f a r  th e  g r e a te s t  p e rcen tage  
o f c o a rse  fragm ents in  b o th  th e  upper and lower horizons^ being kl  and 70 
p e rc e n t r e s p e c t iv e ly ,  o f any o th e r  c ommuni ty -ty p e*  The Ju n ip e ru s-  
O ryzopsis community has th e  lo w est p e rc e n t coarse  fragm ents in  bo th  hor­
iz o n s ,  be ing  ^ and 8 p e rc e n t re sp e c tiv e ly *
The p e rc e n t  co a rse  fragm ents in  bo th  h o rizo n s  of th e  A tr ip le x -  
A rtem is ia  community do n o t n e c e s s a r i ly  r e p re s e n t  th e  com position of rock  
m a te ria l*  The g r e a te s t  p ro p o rtio n  of th e  co a rse  fragm ents re p o rte d  in  
th i s  community r e p re s e n t  c o n so lid a te d  c la y  and s i l t  ag g reg a tes , and a re  
co n s id e red  more or l e s s  im p en e trab le  by p la n t  ro o ts*
Three com m unity-types, th e  S a rc o b a tu s , Jun ip  eru s -Or yz o p sis  „ and the  
P in u s -Ju n ip e ru s  com m unities, have v e ry  low p ercen tag es  of co arse
«=7U“
frag m en ts  o The Ju n ip e rn s -O ry z o p s is  community has th e  lo w est percen tage 
o f a l l  com m unity-types in  th e  upper h o r iz o n . The o th e r  two have s im ila r  
p e rc e n ta g e s  i n  th e  upper horizon^  b u t  i n  th e  S a rco b a tu s  commiunity th e  
p e rc e n t  d e c re a se s  w ith  d e p th . The Ju n ip e ru  s -Oryz op s i  s community a lso  
has 8 p e r c e n t  c o a rse  frag m en ts  in  th e  low er h o r iz o n , b u t  th e  percen tag e  
d e c re a se s  i n  th e  upper h o r iz o n . In  th e  P in u s -Ju n ip e ru s  community on th e  
o th e r  hand, th e  co a rse  frag m en t c o n te n t i s  h ig h e r  than  in  th e  Ju n ip e ru s -  
O ryzopsis c o m m u n ity b u t  a ls o  in c r e a s e s  w ith  dep th  (T able h) o
T hree com m unity-types, th e  A rtem i s ia  -A tr ip  lex-A gr opyr o n , A rte m is ia -  
A gropyron, and th e  J u n ip e ru s -Agropyron com m unities, have s im i la r  coarse  
frag m en t c o n te n ts  i n  th e  upper h o r iz o n s .  The p e rc e n t co a rse  fragm ents 
in  th e  A rtem is ia-A  gr opyr on and th e  Ju n ip e ru  s -Agr opyr on communities a re  
b o th  21 p e rc e n t  in  th e  upper h o r iz o n . However, a d i s t i n c t io n  e x i s t s  in
th e  low er h o r iz o n , where th e  fo rm er com m unity-type has 17 p e rc e n t and
th e  l a t t e r  12 p e r c e n t  co a rse  fragm en ts  (T ab le  i |) .  The A rte m is ia -
A trip lex -A g ro p y ro n  community has 13 p e rc e n t  in  th e  low er h o rizo n .
The d i f f e r e n c e s  r e p o r te d  in  p e rc e n t  co a rse  fragm ents o f th e  s o i l s  
o f  some o f th e  com m unity-types a r e  v e ry  sm a ll ,  and a re  w ith in  th e  
l im i t s  o f  sam pling  and a n a ly s is  e r r o r .  These d a ta  su g g est t h a t  sm all 
d i f f e r e n c e s  among coirm iunity-types a re  n o t s ig n i f i c a n t  in  most c a s e s .
The Rhu s -A gr opyr on and Ju n ip e ru s-Q ry z  o p s is  com m unities a re  th e  only  ones 
t h a t  a re  c l e a r l y  d i s t in g u is h in g  from a l l  th e  o th e r  com m unity-types,
Perm anent w i l t in g  p e rc e n ta g e . The perm anent w il t in g  p e rcen tag e  of 
th e  s o i l  i s  g e n e r a l ly  ag reed  to  r e p re s e n t  Lh^ m o istu re  co n ten t a t  which 
p la n t s  w i l l  p e rm an en tly  w i l t  and d ie  (R ich ard s  and Weaver 1 9 ^3 )« A s o i l  
m a tr ix  te n s io n  o f  15 a tm ospheres i s  c o n s id e re d  th e  s t r e s s  l im i t  f o r
- 7 ^ -
a v a i la b le  mois t a r e ,  and a s  re p o r te d  h ere  i s  e n t i r e ly  a fu n c tio n  of the 
p ro p o rtio n  o f th e  s o i l  f r a c t io n s  p r e s e n t .  G en e ra lly , as the  p ercen t 
c la y  in c re a s e s  in  a s o i l ,  th e  perm anent w il t in g  p ercen tag e  in c re a se s , 
and c o n v e rse ly , as the  p e rc e n t sand in c r e a s e s ,  th e  perm anent w iltin g  
p e rcen tag e  d e c re a se s . A summary o f th e  permanent w il t in g  percentages 
o f th e  upper h o rizo n  f o r  each p la n t  community-type i s  p re sen te d  in  
Table Uo
For th e  most p a r t  th e se  d a ta  in d ic a te  t h a t  th e  d if fe re n c e s  among 
th e  com m unity-types in  term s o f perm anent w il t in g  p ercen tag e  a re  w ith in  
th e  l im i t s  of sam pling and a n a ly s is  e r r o r  (Table U).
There appears to  be an obvious d i s t in c t io n  between th e  Sarcobatus 
and Ju n ip e ru s  -Agr opyr on com m unities, and th e  r e s t  of th e  community-types, 
Both of th e se  communities a lso  have a h igh  p ercen tag e  of c la y  and s i l t .  
A lthough th e  A tr ip le x -A rte m is ia  community has th e  h ig h e s t c la y  co n ten t, 
th e  perm anent w il t in g  p e rcen tag e  in  th e  upper h o rizon  of th i s  community 
i s  r e l a t i v e l y  low.
Both h o riz o n s  of th e  S arcobatus community-type have h igher perma­
n e n t w il t in g  p e rce n tag e  v a lu e s  than  any o f the  o th e r  com m unity-types, 
w ith  1303 and p e rc e n t r e s p e c t iv e ly  in  th e  upper and lower h o rizo n s.
The n e x t h ig h e s t  v a lu e s  a re  those  of th e  Jun ip  eru s -A gr opyr on community 
w ith  12o2 and 10*6 p e rc e n t r e s p e c t iv e ly  in  th e  upper and lower h o rizo n s.
The upper h o rizo n  d a ta  of th e  Rhus-Agropyron community shows th i s  
com m unity-type to  have th e  low est perm anent w il t in g  p e rcen tag e , which i s  
an e x p re ss io n  o f th e  h igh  sand c o n te n t.  For th e  rem ain ing  community- 
ty p e s , and ex cep t f o r  th e  A tr ip le x -A rte m is ia  community, th e  A rtem isia -  
Agropyron community has th e  h ig h e s t  w il t in g  p ercen tag e  and p e rcen t c la y
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c o n te n t i n  th e  upper h o r iz o n . The A tr ip le x -A rte m is ia  and th e  Ju n ip eru s  ̂
O ryzopsis communities a re  v e ry  s im ila r  in  perm anent w ilt in g  percentage 
in  th e  upper horizon^ a lthough  th e  form er community has a g re a te r  p e r-  
cen tage o f c la y . The A rtem is ia  -A tr i  p lex-A gr opyr on and th e  P inus-  
Ju n ip e ru s  com m unities a re  q u i te  s im i la r  a lso^  be ing  9 .^  and 9.2 p ercen t 
in  th e  upper h o rizo n  r e s p e c t iv e ly .  Both communities a lso  have s im ila r  
p e rc e n t c la y  c o n te n ts  in  th e  upper h o riz o n .
D if f e r e n t ia t io n  among com m unity-types on the b a s is  of permanent 
w il t in g  p e rcen tag e  of th e  low er ho rizo n  i s  as  su b tle  as  i t  i s  f o r  th e  
upper h o riz o n . There ap p ears  to  be no major d if fe re n c e s  among th e  
v a lu e s  fo r  th e  low er h o rizon  of th e  A tr ip le x -A rte m is ia , A rtem isla -  
A trip lex -A g ro p y ro n , and th e  P in u s-Ju n ip e ru s  com m unities.
On th e  b a s is  o f th e  d a ta  an a ly zed , i t  i s  concluded t h a t  the  perma­
n en t w i l t in g  p e rcen tag e  i s  n o t a c o n s is te n t  or r e l i a b le  f a c to r  upon 
which to  base  community d i s t i n c t io n .  However, th e  S arcobatus and th e  
Jun ip  e ru  s -A gr opyr on communities a re  e a s i ly  d is t in g u is h e d  fTora the o ther 
com m unity-types. These two com munity-types can be d is tin g u is h e d  from 
each o th e r  in  th e  sense  t h a t  th e  S arcobatus community has a much h igher 
combined s i l t  and c la y  c o n te n t, w ith  a consequent h ig h er permanent 
w il t in g  p e rc e n ta g e .
S o i l  Chem ical P ro p e r t ie s
S o i l  r e a c t io n . S o i l  r e a c t io n ,  or pHg i s  a measure of the s o i l  
a c id i ty  or a l k a l i n i t y  based  on th e  hydrogen io n  c o n c e n tra tio n  in  th e  
s o i l  s o lu t io n .  The p r in c ip a l  value  o f s o i l  pH a n a ly s is  i s  th a t  i t  
in d ic a te s  i n d i r e c t l y  th e  r e l a t i v e  amounts o f c e r t a in  exchangeable
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c a t io n s ,  p a r t i c u l a r l y  i n  t h i s  case sodium and ca lc ium . S o ils  w ith pH 
v a lu e s  i n  excess o f  8 .5  a re  g e n e ra l ly  h igh  in  exchangeable sodium, and 
may have a h igh  c o n c e n tra tio n  o f calcium , w h ile  pH v a lu es  below 7 . 0  
in d ic a te  a h igh  hydrogen io n  c o n c e n tra tio n . High pH v a lu es  of a r id - la n d  
s o i l s  u s u a l ly  in d ic a te  h igh s a l t  c o n te n ts ,
A summary o f th e  s o i l  pH f o r  th e  upper h o rizon  of each p la n t 
community-type i s  p re se n te d  in  Table U.
The r e s u l t s  of t h i s  a n a ly s is  in d ic a te  t h a t  th e re  a re  no major 
d if fe re n c e s  in  s o i l  pH among the  com m unity-types s tu d ie d . Although the  
pH d if f e re n c e s  a re  r e l a t i v e l y  s u b tle  among th e  com m unity-types, th e  
S arco b a tu s  community appears  t o  c o n s is te n t ly  have th e  h ig h e s t s o i l  re a c ­
t io n ,  S o i l  r e a c t io n  v a lu es  o f a s  h igh  as 8,8  in  th e  lower horizon  have 
been reco rd ed  f o r  t h i s  community-type in  th e  v i c in i t y  of n a tu r a l  seep s.
S o i l  c o n d u c t iv i ty . C o n d u c tiv ity  i s  an e l e c t r i c a l  measure of the  
amount o f  so lu b le  s a l t s  p re se n t in  th e  s o i l  s o lu t io n . The u n i t  of 
e x p re ss io n  i s  th e  m illim ho, and i s  equal to  1000 tim es th e  r e c ip ro c a l  of 
one ohm, A summary o f th e  c o n d u c tiv ity  of th e  upper ho rizo n  fo r  each 
p la n t  com m unity-type i s  p re se n te d  i n  Table ii.
On th e  b a s is  o f c o n d u c tiv ity  th e re  a re  two groups of community- 
ty p es  e a s i ly  s e p a ra b le . The f i r s t  group in c lu d es  th e  S a rco b a tu s , 
A tr ip le x -A r te m is ia , and th e  Ar tem i s i  a -A t r  ip  lex-A gr op y r on communities.
The second group in c lu d e s  a l l  o f th e  rem ain ing  com m unity-types.
The S arco b a tu s  community has th e  h ig h e s t  c o n d u c tiv ity  v a lu es  in  
b o th  h o riz o n s  o f a l l  th e  com m unity-types. The A trip le x -A rte m is ia  com­
m unity has th e  second h ig h e s t  c o n d u c tiv ity , and d i f f e r s  from th e  
S a rco b a tu s  community somewhat. There i s  a d i s t i n c t  d if fe re n c e  in  th e
- 7 8 .
c o n d u c tiv i ty  o f th e  A rtem isia-A  t r i p  le x ^Agrop.yron community Arom a l l  the 
o th e r  com m unity-typeso I t  has a much lower s a l t  co n ten t in  th e  upper 
h o rizo n  from  th e  p reced in g  two com m unity-types ̂  and a much h igher s a l t  
c o n c e n tra tio n  i n  th e  low er h o rizon  than  a l l  the rem ain ing  community- 
ty p es  «
The A rtem isia-A gropyron community^ although  w ith  a r e l a t iv e ly  low 
s a l t  c o n te n t in  the upper h o r iz o n , can be d is t in g u is h e d  in  terms of th e  
low er horizonc The rem aining fo u r  community-types cannot be r e a d i ly  
d is t in g u is h e d  on th e  b a s is  of s o i l  c o n d u c tiv ity  because in  a l l  c a se s , 
bo th  h o rizo n s show v e ry  s im ila r  s a l t  c o n c e n tra tio n s ,
Ex t r a c t a b l e  sodium and ca lc iu m o As th e  co n c e n tra tio n  o f sodium 
in c re a s e s  th e re  i s  a concom itant in c re a s e  in  s o i l  pHo From th e  s ta n d ­
p o in t  of p l a n t  n u t r i t i o n  v e ry  h igh  co n c e n tra tio n s  of sodium induce 
d e f ic ie n c ie s  of th e  c a tio n s  more c r i t i c a l  to  p la n t  growths I t  has 
g e n e ra l ly  been found t h a t  a v ery  h igh  sodium co n ce n tra tio n  in  th e  s o i l  
i s  an in d ic a t io n  o f a h igh  sodium c o n te n t in  th e  p la n ts  growing in  i t  
(R ickard  196^, Firem an and Hayward 1952)o Due to  le ac h in g , sodium con­
c e n tr a t io n s  a re  u s u a lly  h ig h er in  low er horizonso
I t  appears  t h a t  h igh  sodium c o n c e n tra tio n s  m ainly  induces d e f i ­
c ie n c ie s  of calcium  in  s o i l s  « Calcium i s  more c r i t i c a l  to  th e  p la n t  
from th e  s ta n d p o in t o f n u t r i t i o n  th an  sodium» With in c re a s in g  concen­
t r a t i o n s  o f ca lc iu m , th e  s o i l  pH u s u a lly  a ls o  in c re a se s  to  a p o in t  »
I t  was found th a t  sodium c o n c e n tra tio n s  in c re a se  w ith  in c rea sed  
s o i l  dep th  in  most cases  » The g r e a te s t  v a r ia t io n s  in  in d iv id u a l samples 
occur w ith in  th e  S a rc o b a tu s , A t r i p l e x -A rtem isi a , and th e  Artem i s i  a -  
A t r i p  lex-A gr opyr on communities» However, sodium c o n ce n tra tio n s  on the
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whole were r e l a t i v e l y  uniform  f o r  each h o rizo n  in  each c ommuni ty-type»
On th e  b a s is  of th e  mi H i  e q u iv a le n ts  of e x tra  c tab  le  sodium in  the  
upper h o r iz o n , th re e  com m unity-types can be d is t in g u is h e d  (Table 1̂ )»
The S arco b a tu s  community has th e  g r e a t e s t  sodium co n ten t o f a l l  the 
com m unity-types o The A tr ip le x -A rte m is ia  community has a much lower 
sodium c o n c e n tra tio n  th an  th e  S arcobatus community, b u t much g re a te r  
than  a l l  th e  o th e r  com m unity-types» The A rtem isia-A  t r i p  lex-Agropyr on 
community can be d i f f e r e n t i a t e d  by  th e  r e l a t i v e l y  low sodium co n ten t in  
th e  upper h o riz o n , and w ith  a much h ig h e r c o n c e n tra tio n  in  the lower 
h o riz o n .
The A rte m is ia -Agropyron community has a r e l a t i v e l y  s im ila r  sodium 
c o n c e n tra tio n  i n  the  upper h o rizo n  as th e  rem aining com m unity-types, 
b u t  a r e l a t i v e l y  h ig h e r c o n c e n tra tio n  in  th e  lower h o rizo n . The d i f f e r ­
ences i n  th e  m i l l ie q u iv a le n ts  of sodium fo r  th e  rem aining fo u r community» 
ty p es  a re  v e ry  sm a ll, and on th is  b a s is  th e  community-types cannot 
e f f e c t i v e ly  be s e p a ra te d .
There a re  two p r in c ip a l  groups of community-types in  terms of the  
m il l ie q u iv a le n ts  o f ca lc ium . The A tr ip le x -A rte m is ia , A rtem isia-A  t r i p l e x » 
A gropyron, A rtem isia-A gropyron , and Rhus Agropyron communities have much 
h ig h e r  calcium  c o n te n ts  than  the o th e r fo u r  com m unity-types. The Rhus-  
Agropyron com m unity-type has th e  h ig h e s t c o n ce n tra tio n  and i s  fo llow ed  
by th e  A tr ip le x -A r te m is ia  community. A c tu a lly , r e l i a b le  se p a ra tio n  of 
th e  A tr ip le x -A r te m is ia , A rtem isia-A  tr ip lex -A g ro p y ro n , and th e  A rtem is ia -  
Agropyron com m unities p ro b ab ly  cannot be made on th e  b a s is  of calcium  
a lo n e .
T h e  s e c o n d  g r o u p  o f  c o m m u n i ty - t y p e s  i n c l u d e  t h e  S a r c o b a t u s ,
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Ju n ip eru s-A g ro p y ro n , Ju n ip e ra s -Q ry z o p s is , and th e  P in u s-Ju n ip eru s  com­
m u n ities^  a l l  w ith  low er calcium  c o n c e n tra tio n s  than th e  above four 
com m unity-types o The m o is te r  n o r th  s lo p e  s i t e  o f th e  Jun iperus -  
O ryzopsis community has th e  low est calcium  co n ten t of a l l  th e  community- 
ty p es  ̂  fo llo w ed  b y  th e  Jun iperus-A gropyron  community. S ep ara tio n  of the  
P in u s- Ju n ip e ru s  and th e  S arcobatus communities would be u n re lia b le  on 
th i s  b a s i s ,  ex cep t th a t  th e  l a t t e r  community has a much h igher calcium  
c o n te n t in  th e  low er ho rizo n  th an  th e  fo rm er c ommuni ty - ty p e  «
I t  i s  d o u b tfu l t h a t  calcium  c o n c e n tra tio n s  a re  s ig n i f ic a n t  between 
com m unity-typese The d if f e re n c e s  among community-types appear to  be 
w ith in  th e  l im i ts  o f sam pling and a n a ly s is  e r ro r  (T able !;)„
In  most o f  th e  s ta n d s  sampled th e  c o n c e n tra tio n  of calcium  
in c re a se d  w ith  d ep th , ex cep t t h a t  th e  average of th e  A trip lex -A rtem is ia  
community in d ic a te s  th e  r e v e rs e  (T able  I&)« A c tu a lly , more s tan d s  of 
t h i s  community conform to  th e  u su a l c ircum stance of in c rea se d  co n ten t 
w ith  d ep th , ex cep t in  a few  cases th e  upper horizon  e x h ib ite d  v e ry  high 
c o n c e n tra t io n s ,  o f te n  as  h igh  as 28„2 m il l ie q u iv a le n ts  «
S o i l  M orpholog ical F ea tu re s
The p r in c ip a l  v a lu e  o f th e  d e te rm in a tio n  of th e  m orphological 
f e a tu re s  o f  th e  s o i l  i s  to  gain  an in d ic a t io n  of th e  r e l a t iv e  degree of 
developm ent of th e  v a rio u s  s o i l s „ However, fo r  th e  most p a r t  in  th e  
b ad land  com m unity-types, th e re  i s  very  l i t t l e  or no s o i l  developm ent.
I t  was found t h a t  v a rio u s  f e a tu r e s ,  in c lu d in g  depth and c o lo r , a re  q u ite  
d i s t i n c t i v e  f o r  some of th e  com m unity-types (See Appendix X I) ,
One o f th e  most d i s t i n c t iv e  f e a tu re s  found i s  th e  shallow  l i t t e r  
la y e r  found in  th e  Jun iperus-Q ryz o p s is  commun! ty - ty p e . I t  i s  the  only
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com niunitj su p p o rtin g  a con tinuous la y e r  o f su rfa c e  l i t t e r  o
On th e  b a s is  of c o lo r  a lone two com m unity-types, th e  A tr ip le x -  
A rtem is ia  and th e  Rhus-Agropyron com m unities, can be e a s i ly  d i s t i n ­
g u ish ed  from  a l l  th e  o th e rs  « The a l t e r n a t in g  bands o f gray  to  b lu e-g ray  
c la y  sh a le s  and b u f f  c o lo red  s i l t  beds of th e  A tr ip le x -A rtem isia  
community-type a re  v ery  s tr ik in g »  A lso , th e  alm ost r e d  to  red d ish  brown 
c o lo r  o f th e  p o r c e l la n i te  s o i l s  o f th e  Rhus-Agropyron community-type i s  
d i s t i n c t iv e  even when viewed from a co n s id e ra b le  d is ta n c e  away.
S o i l  dep th  can be used as a v e ry  r e l i a b le  in d ic a to r  of the A rtem isia- 
A tr ip le x -Agropyron and th e  A rtem is ia -Agropyron community-types » Where 
co lluv ium  d e p o s its  accum ulate to  depths of no g r e a te r  than  about l 5 
in c h e s , th e  fo rm er community-type i s  a lm ost e x c lu s iv e ly  found. However, 
as th e  co lluv ium  accum ulates to  g r e a te r  depths of up to  2h or 30 inches 
th ic k ,  th e  A rtem isia-A gropyron c ommuni ty - ty p e  i s  found. This r e l a t io n ­
sh ip  was observed  in  many p la c e s  in  th e  f i e l d ,  and in  every case th is  
c o n d itio n  was c o n s is te n t  w ith  th e  above d e sc rip tio n »
No c o n s is te n t  r e la t io n s h ip  was found to  e x i s t  among th e  various 
com m unity-types on th e  b a s is  of s o i l  s t r u c tu r e  or th e  presence of s o i l  
c a rb o n a te s  as  observed  in  th e  f ie ld *
S o i l  sam ples were a ls o  analyzed  fo r  th e  two most ex ten s iv e  badland 
m icrocom m unities, th e  Eriogonum and th e  Sporobolus m icrocom m unities,
The s o i l  was sampled a t  on ly  one lo c a t io n  f o r  each to  a depth of Ic 
in c h e s , A summary of th e  s o i l  c h a r a c te r i s t i c s  of each of th e se  m icro- 
com m unities i s  p re se n te d  in  Table
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Table Summary o f th e  s o i l  c h a r a c t e r i s t i c s  of th e  two major
b ad land  m icrocom m unities s tu d ie d .
S o i l  F e a tu re Microcommunities
Eriogonum Sporobolus
P e rcen t Sand L o 16*8
P e rc en t S i l t SO* 7 214*8
P ercen t C lay U5o3 58*1:
P e rc e n t Coarse Fragm ents lo lo
Perm anent W iltin g  P e rc en t 8*8 15*5
S o il  R eac tio n 8*0 7.8
C o n d u c tiv ity 2*9 7*6
Sodium me*/ 100 grams of s o i l 0*9 12*2
Calcium me*/ 100 grams o f s o i l IloU 7*2
P hy sio g rap h ic  In f lu e n c e s  and Community D is tr ib u tio n
P h y sio g rap h ic  e f f e c t s  im ply th e  consequences of th e  degree of slope^ 
s lo p e  ex p o su re , and th e  p o s i t io n  on th e  s lo p e  on the  d i s t r ib u t io n  of 
p la n t  communities* I t  was found t h a t  th e se  th re e  f a c to r s  a re  h ig h ly  
i n t e r r e l a t e d  in  th e  b ad lan d s , where a change in  any one i s  concom itant 
w ith  a change in  th e  p la n t  c ommuni ty - ty p e  * In d iv id u a l s tands appear to  
be h ig h ly  in f lu e n c e d  by th e se  f a c to r s ,  as evidenced by r a th e r  sharp 
b o u n d aries  between communities w ith  r e l a t i v e l y  minor changes in  th e  
physiography*
The to p o g rap h ic  c o n d itio n s  of th e  s tu d y  a rea  a re  such th a t  the  
v e g e ta t io n  o f te n  ta k e s  on th e  appearance of s tro n g  physiographic  i n f lu ­
ence* The a lm o st ex c lu s iv e  occurrence of bad land  communities on s teep  
so u th  ex p o su res , and p in e  woodland on n o rth  exposures s tro n g ly  suggests 
t h i s  r e la t io n s h ip *  E x ten siv e  expanses of g ra s s la n d  v e g e ta tio n  are
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r e s  t r i e  te d  to  n e a r ly  f l a t  or r o l l in g  topography where physiographic 
in f lu e n c e s  a re  n o t v e ry  g rea t^  and where th e  in f lu e n c e  of the  genera l 
c lim a te  i s  dom inant. However, on m oderate to  s te e p  s lo p e s , and on areas 
where a c t iv e  b a s e - le v e l in g  i s  o ccu rrin g  th e  g e n e ra l in flu en c e  of c lim ate 
i s  exceeded by th e  e f f e c t s  o f physiography .
A summary o f th e  p h y s io g rap h ic  c h a r a c te r i s t i c s  of each p la n t 
c ommuni ty - ty p e  i s  p re se n te d  i n  F ig u re  iS ,  Each c i r c l e  re p re se n ts  th e
range o f a l l  p o s s ib le  ex p o su res , w ith  n o r th  a t  the  top of the  c i r c l e ,
e a s t  on th e  r i g h t ,  so u th  a t  th e  bottom , and w est on the  l e f t .  Slope 
degree i s  reco rd ed  in  p e rc e n t,  th e  c e n te r  of th e  c i r c le  re p re se n tin g  
zero  p e rc e n t s lo p e , and each increm ent of d is ta n c e  from th e  ce n te r  of 
th e  c i r c l e  in  any d i r e c t io n  tow ard th e  p e rim e te r  re p re s e n tin g  in c re a s in g  
degrees o f s lo p e . The maximum degree of s lo p e  of 100 p e rcen t (h$
deg rees) i s  r e p re s e n te d  on th e  c i r c l e  p e r im e te r . Each do t in  th e  c i r c l e
re p re s e n ts  an in d iv id u a l  s ta n d  a t  a p a r t i c u la r  sampling lo c a tio n . Com­
m unity p o s i t io n  on th e  s lope  i s  n o t re p re se n te d  in  th is  f ig u re .
E f fe c ts  o f  Degree o f S lope
I t  was found th a t  a d e f in i t e  r e la t io n s h ip  e x is ts  between th e  range 
in  th e  degree o f s lope  and th e  occurrence of a p a r t ic u la r  community- 
ty p e . N orm ally , as th e  degree of s lo p e  in c re a se s  the r a t e  of w ater 
ru n o ff  i s  g r e a te r ,  and th e  h a b i ta t  i s  rendered  more x e r ic  than  those  of 
le s s  s te e p  s lo p e s .  A lso , on s te e p e r  s lo p es  th e  accum ulation of s o i l  
m a te r ia l  e i t h e r  th rough  normal developm ent or as colluvium  d e p o s its  i s  
h in d e re d . On so u th  exposures s te e p e r  s lo p e  su rfa ce s  re c e iv e  more d i r e c t  
s o la r  i n s o la t io n .  As th e  degree  of s lope  d e c re a se s , th e  su n 's  ray s  
re ach  th e  ground s u r fa c e  a t  a g r e a te r  an g le , and th e i r  drying
N
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S a rco b a tu s A r t r  ip le x -A r t  emis i a
Rhus-A gropyron
Art amis l a - A tr lp le x  
Agropyron
Ju n ip eru s-A g ro p y ro n
A rt eml s 1 a -  Agropyron
Ju n ip e ru s -O ry z o p s is P in u s -Ju n ip e ru s
èor
F ig u re  15 . Summary o f  th e  p h y s io g ra p h ic  c h a r a c t e r i s t i c s  In  te rm s o f  s lo p e  p e rc e n t and ex p o su re  f o r  
each  com m unity-type.
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e f f e c t iv e n e s s  th ro u g h  h e a t  energy  in c id e n c e  i s  le ss»
The summary o f th e  d a ta  p re s e n te d  in  F ig u re  1$ in d ic a te s  th a t  each 
commun!ty - ty p e  has a range  o f s lo p e  d eg ree  w ith in  which i t  w i l l  occu r. 
The S a rc o b a tu s  com m unity-type was sam pled on bo ttom land  f l a t  a reas  and 
on s lo p e s  o f over 80 p e r c e n t .  P resum ably t h i s  commun!ty - ty p e  i s  found 
on ly  where a r e l a t i v e l y  c o n s id e ra b le  m o is tu re  su p p ly  i s  a v a i la b le .  On 
s te e p  s lo p e s  where i t  occurs i t  was found a s s o c ia te d  w ith  a reas  where 
th e  m o is tu re  r u n o f f  r e c e iv e d  was e i t h e r  h ig h , or where l a t e r a l  movement 
of w a te r  th rough  l i g n i t e  beds was p ro m in en t. The A tr ip le x -A r te m is ia  
c ommuni ty - ty p e  occu rs  on th e  s te e p e s t  s lo p e s ,  every  s ta n d  o ccu rrin g  on 
s lo p e s  o f over 60 p e r c e n t .  Some s ta n d s  w ere observed on s lo p es  in  
excess  o f 100 p e r c e n t ,  b u t  th e s e  were n o t sampled because th e y  r e p re ­
s e n t  a r a t h e r  ex trem e c o n d i t io n .
Of p a r t i c u l a r  i n t e r e s t  in  th e  A tr ip le x -A rtem is ia  community-type i s  
th e  g e n e ra l  appearance  from  a d is ta n c e  o f p a r a l l e l  bands o f v e g e ta tio n  
c o n to u rin g  th e  s lo p e . C lose exam in a tio n  has shown t h a t  th e se  bands 
( v i s i b l e  i n  F ig u re  17) o f v e g e ta t io n  a re  th e  r e s u l t  o f heavy s tan d s  of 
A tr ip le x  c o n f e r t i f o l i a  and A rte m is ia  t r i d e n t a t a  growing on n e a r ly  le v e l  
benches co n to u r in g  th e  s lo p e .  These benches form as th e  r e s u l t  of 
e ro s io n  o f  th e  h ig h ly  e ro d a b le  l i g n i t e  b ed s , which leav es  a bench of 
c la y  m a te r ia l  p ro tru d in g  o u t from  th e  s lo p e  as much as s e v e ra l  f e e t  
w ide . R unoff m o is tu re  from  s lo p e s  above, and w a te r moving h o r iz o n ta l ly  
th ro u g h  th e  l i g n i t e  beds accum ulates on th e  benches and p re se n ts  a 
m o is te r  h a b i t a t  th a n  th e  s lo p e  above and below i t .  These benches sup­
p o r t  a v e ry  dense s ta n d  o f A t r i p l e x  c o n fe r t i f o l i a  and A rtem is ia  t r i ­
d e n ta ta ,  and i n  some p la c e s  g ra s s e s  as w e l l .  F ig u re  l 6 i s  a closeup
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view  o f a co n to u r bench, and F ig u re  17 i s  a view of the  g e n e ra l appear­
ance o f th e  r e s u l t in g  banding  e f f e c t  im parted  in  th e  vegeta tion»
On m odera te ly  s te e p  s lo p es  o f san d sto n e , c la y , and s i l t  colluvium  
th e  A rtem is ia -A trip lex -A g ro p y ro n  community i s  prominent» This community- 
type was found on s lo p es  ran g in g  between 5h and 69 p ercen t»  On the  o ther 
hand, th e  c lo s e ly  r e l a t e d  Ar te m is i a-Agr opyr on community-type was found 
on more g e n tle  s lo p e s  ran g in g  between 3^ and 63 percen t»  The r e s u l t s  in  
F ig u re  15 w i l l  show however, t h a t  t h i s  l a t t e r  c ommuni ty - ty p e  occurs more 
p red o m in a te ly  on s lo p e s  of l e s s  than  50 percen t»
On p o r c e l la n i te  caps or where p o r c e l la n i te  outcrops in  any ex ten ­
s iv e  a r e a s ,  th e  Rhus-Agropyron c ommuni ty - ty p e  i s  found» This community 
occurs on a wide range o f s lo p e s , ran g in g  from liO to  86 percen t»  On 
s lo p es  much in  excess o f 85 p e rc e n t p o r c e l la n i te  outcrops c o n s is t  p r i ­
m arily  o f t h i s  r e d  baked sco ria»  P o r c e l la n i te  m a te r ia l  u s u a lly  i s  n o t 
found on s lo p e s  le s s  th an  Uo p e rc e n t excep t as lo c a l  benches w ith in  
l a r g e r  s c o r ia  outcrops»
M oderate to  m oderately  s te e p  s lo p es  a re  th e  most u su a l h a b i ta t  of 
th e  J u n ip e ru s - Agropyron community-type» I t  was found on s lopes ranging 
from 30 to  59 p e rc e n t ,  b u t  i n  most cases  was found on slopes of over hO 
p e rc e n t .  The Ju n ip e ru s-O ry zo p sis  community-type on th e  o ther hand, was 
found on more m oderate s lo p es  » Although th e  range s tu d ie d  i s  between 30 
and 5U p e rc e n t ,  by f a r  most o f th e  s tan d s  observed in  the  f i e ld  a re  on
s lo p e s  l e s s  than  kO p e rc e n t.
The P in u s-Ju n ip e ru s  commun!ty - ty p e  occurs on g e n tle  slopes» W ithin 
any one p a r t i c u la r  s ta n d  o f t h i s  com m unity-type, th e  degree of slope 
u s u a lly  v a r ie s  from 0 to  30 p e rc e n t .  A lthough th e  range of slope
•87-
F ig u re  l 6 , A c loseup  view  of a c la y  bench on th e  slope contour su p p o rt­
in g  a dense s ta n d  o f A tr ip le x  c o n f e r t i f o l i a , A rtem isia  
t r i d e n t a t a , and Agropyron sp ica tum .
'  -  A . J  '  > h  - % - 9  '
'-4
ir'
F ig u re  17. A view  o f th e  g e n e ra l appearance of th e  p a r a l l e l  bands of 
v e g e ta tio n  on th e  con tour of th e  s lope  supported  by th e  
c la y  benches.
-8 8 -
en co u n tered  was 0 to  55 p e rc e n t ,  th e  m a jo rity  of s tan d s  are  r e s t r i c t e d  
to  s lo p es  o f l e s s  th an  30 p e rc e n t.
The e f f e c t s  o f  s lo p e  a re  p a r t i c u la r l y  im p o rtan t to  the  d is t r ib u t io n  
o f b ad lan d  c ommuni ty - ty p e  on n o r th  exp o su res . In  a few l o c a l i t i e s  the  
S arco b a tu s  and th e  A tr ip le x -A rtem is ia  com m unity-types were found on 
n o r th  s lo p e s  where th e  degree o f s lope  was v e ry  g r e a t .  These are  p a r ­
t i c u l a r l y  conspicuous w ith in  th e  P inus-ponderosa  or Ju n ip e ru s  scopulorum 
s tan d s  where s te e p  s lo p es  expose th e  in te rb ed d ed  sh a le s  o f c la y  and s i l t  
p a re n t m a te r ia ls  o f th e  f o r e s t  and g ra s s la n d  s o i l s .  I t  i s  f e l t  t h a t  
th i s  d i s t r ib u t io n  re p re s e n ts  a r a th e r  s p e c ia l  case , and i s  n o t e n t i r e ly  
r e p re s e n ta t iv e  of th e  bad land  to p o g r^ h y  or i t s  v e g e ta tio n . For th is  
reaso n  th e s e  a re a s  were n o t sam pled, b u t th e y  a re  m entioned here  because 
th i s  phenomenon does i l l u s t r a t e  th e  im portance of s lo p e  degree and i t s  
com pensating e f f e c t  on exposu re . In  most cases th e se  n o rth  exposure 
com m unities a re  v e ry  sm all and p la y  an in s ig n i f ic a n t  r o le  in  d ep ic tin g  
th e  t y p i c a l  bad land  v e g e ta tio n .
E f fe c ts  of Exposure
On any degree of s lo p e , the d i r e c t io n  th a t  th e  s lo p e  f a c e s ,  or 
exposu re , g r e a t ly  in f lu e n c e s  th e  amount of h e a t energy re ce iv ed  as s o la r  
i n s o la t io n ,  A s t r ik in g  r e la t io n s h ip  was found to  e x i s t  between each of 
th e  com m unity-types s tu d ie d  and s lo p e  exposure. In  the  N orthern  Hemi­
sphere  i t  can be ex pected  th a t  so u th  exposures su p p o rt more x e r ic  h a b i­
t a t s  th an  n o r th  ex p o su res . When th e  e f f e c ts  of exposure a re  compounded 
w ith  th e  e f f e c t s  of s lo p e  g r a d ie n t ,  th e  r e l a t iv e  degree of d iffe re n c e  
betw een opposing exposures can be i n t e n s i f i e d .  G en era lly  w est fac in g  
s lo p e s  a re  more x e r ic  th an  e a s t  exposu res, excep t perhaps i n  cases where
•=>89'=’
e a s t  s lo p e s  a re  s te e p e r  th an  w es t ex p o su re s„
The S a rc o b a tu s  com m unity-type i s  a lm o st e x c lu s iv e ly  r e s t r i c t e d  to  
so u th  e x p o su re s , e x c e p t on s te e p e r  s lo p e s  where i t  may a ls o  be found on 
so u th -w e s t s lo p eso  In  one lo c a t io n  i t  was found  on a g e n tle  w est expo­
su re  where p resum ably  m o is tu re  c o n d itio n s  were f a v o ra b le „ A lso , a com­
m unity was s tu d ie d  on a g e n t le  e a s t  s lo p e  in  th e  Powder R iv er V alleyo 
Many v e ry  dense s ta n d s  o f  t h i s  com m unity-type were observed  on th e  more 
g e n tle  e a s t  or w e s t exposu res in  th e  l a r g e r  r i v e r  bottom s « The A tr ip le x -  
A rtem is ia  commun!ty - ty p e  i s  a lm o st e x c lu s iv e ly  r e s t r i c t e d  to  sou th  expo­
s u re s ,  a lth o u g h  a few s ta n d s  w ere found and s tu d ie d  on dry  w est exposures, 
F or th e  m ost p a r t ,  so u th  ex p o su res  i n  th e  b ad lan d s a re  s te e p e r ,  and t h i s  
x e r ic  community can la r g e ly  be ex p ec ted  t o  be  r e s t r i c t e d  to  th e se  d r ie r  
h a b i t a t s .  In  o n ly  a v e ry  few In s ta n c e s  was t h i s  community found on e a s t  
exposures where th e  deg ree  o f s lo p e  was v e ry  s te e p ,  b u t i t  was n o t 
sam pled i n  th e s e  lo c a t io n s ,
A w id er ran g e  of exposu res i s  e x h ib i te d  b y  the  A rtem is ia -A t r i p l e x -  
A gropyron community th a n  th e  above two com m unity-types. I t  was s tu d ie d  
and found  t o  be v e ry  common on exposures ran g in g  from s o u th -e a s t  to  
n o r th -w e s t .  T h is commun!ty - ty p e  i s  most common however on so u th  expo­
s u r e s ,  The A rte m is ia - Agropyron com m unity-type i s  la r g e ly  r e s t r i c t e d  to  
so u th  f a c in g  s lo p e s ,  b u t  was observed  and sampled on so u th -w est and
s o u th - e a s t  e x p o su re s .
The Rhu s -Agr opyr on c ommuni ty - ty p e  i s  n o t  a s  s p e c i f i c  to  exposure as 
most o f th e  o th e r  com m unity-types, and i s  u s u a l ly  found on sou th  expo­
s u r e s ,  As th e  exposure  approached a w est of e a s t  a sp e c t Pinus ponderosa 
b e g in s  t o  ap p ear in  th e  s ta n d , and w ith  in c re a s e d  d is ta n c e  from th e
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so u th  s lo p e , th e  Rhus-Agropyron community e v e n tu a lly  g iv es  way to  p ine 
woodlando
On w est and e a s t  fa c in g  s lo p e s  th e  Juniperus-A gropyron community- 
type re ach es  i t s  g r e a te s t  development» This community-type was never 
found on so u th  s lo p e s , b u t i t  was s tu d ie d  on so u th -w est s lo p e s . In  a 
few p la c e s  i t  was observed and s tu d ie d  on th e  s te e p e r  n o rth -w est expo­
s u re s ,  This community i s  found on e a s t  s lo p es  in  somewhat le s s  q u a n tity  
than  on w est ex p o su res , and was sampled a t  one lo c a tio n  on an e a s t  expo» 
s u re .  The Ju n ip eru  s -Or yz op s i  s c ommuni ty - ty p e  i s  th e  only  type s tu d ie d  
t h a t  i s  e x c lu s iv e ly  r e s t r i c t e d  to  n o r th  exposures. I t s  range was found 
on ly  between n o r th -w e s t and n o r th - e a s t  s lo p e s , p robab ly  reach in g  i t s  
g r e a te s t  developm ent on n o rth  and n o r th - e a s t  s lo p e s .
The Pinus -  Ju n ip  eru  s c ommuni ty - ty p e  was found on a wide range of 
exposures from n o r th -w e s t, so u th , to  e a s t  s lo p e s . I t s  g r e a te s t  develop­
ment i s  reach ed  however, on g e n tle  so u th , s o u th -e a s t ,  or sou th-w est 
ex p o su re s . On th e  m oderate ly  s te e p  w est or n o rth -w es t exposures, lo c a l  
s ta n d s  of t h i s  community-type a re  u s u a lly  found.
E f fe c ts  o f P o s i t io n  on S lope
I t  was found th a t  each community-type can u s u a lly  be expected to  
occur a t  a p a r t i c u la r  e le v a t io n  on th e  slopes under c e r ta in  co n d itio n s . 
The s ig n if ic a n c e  of s tu d y in g  p o s i t io n  on th e  s lope  stems p r im a r ily  from 
th e  p o s s ib le  e f f e c t s  of w a te r ru n o ff  re c e iv ed  or l o s t .  The upper p o s i­
t io n s  on s lo p e s  can u s u a lly  be expected  to  be more x e r ic ,  and th e  lower 
p o s i t io n s  more m esic* Lower s lo p e  p o s it io n s  u s u a lly  re c e iv e  more mois­
tu r e  th an  upper s lo p es  in  term s of ru n o ff ,  b u t th e se  s i t e s  a lso  re c e iv e  
heavy s i l t  d e p o s it io n  and e ro s io n  damage.
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To f a c i l i t a t e  an u n d e rs ta n d in g  o f th e  p o s i t io n  on th e  s lo p e  of each 
com m unity-type, v a r io u s  p r o f i l e s  were made of some r e p re s e n ta t iv e  slopes 
i n  th e  bad lands*  An Abney l e v e l  and th e  5 « fo o t s t i c k  used  in  v e g e ta tio n  
sam pling  were u sed  to  c o l l e c t  s lo p e  p e rc en tag es  and h o r iz o n ta l  d is ta n c e s  * 
F ig u re s  18, 19, and 20, r e p re s e n t  p r o f i l e s  drawn to  s c a le  showing the  
p o s i t io n s  o f th e  v a r io u s  com m unity-types r e l a t i v e  t o  each o th e r and s lo p e  
degree  and p o s i t i o n .  F ig u re s  18 and 19 a re  th e  most ty p ic a l  and r e p re ­
s e n ta t iv e  p r o f i l e s  o f th e  b ad lan d  s lo p e s ,  and F ig u re  20 r e p re s e n ts  a 
r a th e r  s p e c ia l  c o n d itio n  common on ly  to  th e  0*D ell Creek a r e a .
A diagram m atic r e p r e s e n ta t io n  o f th e  arrangem ent o f each community- 
type on a b ad lan d  s lo p e  i s  p re se n te d  in  F ig u re  21.
The S a rc o b a tu s  com m unity-type was found to  occupy lower s lo p e  p o s i­
t io n s  u s u a l ly ,  b u t  in  a few cases  i t  was a ls o  found on middle or upper 
p o s i t io n s .  I t  i s  r a th e r  uncommon to  f in d  S arco b a tu s  s tan d s  occupying 
th e  upper p o s i t io n  as shown in  F ig u re  20, b u t t h i s  phenomenon was 
observed  in  some lo c a t io n s .  The A tr ip le x -A r te m is ia  community-type 
occu p ies  th e  m iddle s lo p e  p o s i t io n  u s u a l ly ,  however, i t  may f re q u e n tly  
be fo und  on th e  low er o n e - th ird  of th e  s lo p e  a ls o .  In  a few cases i t  
was observed  on th e  e n t i r e  s lo p e  o f i s o l a t e d  b u t te s  and on s te e p  s lo p es  
e x h ib i t in g  in te rb e d d e d  s h a le s  o f c la y  and s i l t .
The A r te m is ia -A tr ip le x -Agropyron com m unity-type i s  found a lm ost 
e x c lu s iv e ly  on m iddle s lo p e  p o s i t io n s ,  a lth o u g h  in  a few cases i t  was 
observed  on th e  low er p o s i t io n s  a s  w e l l .  The A rtem i s i a -Agr opyr on 
community—ty p e  i s  u s u a l ly  c lo s e ly  a s s o c ia te d  w ith  th e  above community- 
ty p e , and  i s  m o stly  found on low er p o s i t io n s  im m ediately  below i t .  This 
com m unity-type has a ls o  been observed  on m iddle p o s i t io n s  in  a few c a se s .
P in e  Woodland
V
Rhus-Agropyron
A trip lex -p A rtem isia
Rhus t r i l o b a t a
A tr ip le x  c o n f e r t i f o l i a
VO
PO
A rte m is ia  t r i d e n t a t a
G rasses
I V  V  V P o r c e l la n i te
A rte m is la - A tr lp le x -   ̂
Agropyron
Clay s h a le s
J u n ip e ru s  scopulorum
S i l t  sh a le s
P in u s -Ju n ip e ru s
S andstone
ColluviumPinus
S cale
F eet
F ig u re  l 8 . A p r o f i l e  o f  a  so u th  expos^ure n e a r  th e  mouth o f  T ay lo r Creek showing th e  p o s i t io n  o f  some 
p la n t com m unities r e l a t i v e  to  s lo p e  and g e o lo g ic a l  m a te r ia ls  «
Rhus “Agropyron
A trip lex -A rtem iR ia
S arcobatus
w
So,
A rtem is l a - A tr ip le x  
AgropyronS arcobatus verm lc- 
u la tu s  
A tr ip le x  c o n f e r t l -
A rtem is ia  t r i d e n t a t '  
S P  Rhus t r i l o b a t a  i
G rasses 1
L ig n ite
Sandstone
Clay sh a le s
S i l t  sh a le s
Colluvium
AgropyronP o r c e l la n i teV V
S cale
F ig u re  I 9 . A p r o f i l e  o f  a  so u th  exposure n e a r  th e  mouth o f  Bloom Creek showing th e  p o s i t io n  o f  
some p la n t  coumiunities r e l a t i v e  t o  s lo p e  p e rc e n t and g e o lo g ic a l  m a te r ia ls .
*
S arcobatus
v erm icu la tu s
A tr ip le x
c o n f e r t i f o l i a
A rtem is ia
t r l d e n t a t a
G rasses
L ig n ite
Sandstone
C lay sh a le s  
S i l t  sh a le s
Colluvium
S arcobatus
A tr lp le x -A rtem isia
S arcobatus
S cale
F eet A rtem is la -
Agropyron
VO
I
F igu re  20, A p r o f i l e  o f  a so u th  exposure n ear th e  mouth o f  O 'D ell Creek showing th e  p o s it io n  o f  
some p la n t conmiunities r e l a t iv e  to  s lo p e  and g e o lo g ic a l m a te r ia ls .
Woodland
Agropyron
-  3800 -------
. A rte m is ia - 3700 - Agr< pyronA tr iP le x -
/ /  ^  3600
3500 \
'hrijyie6c/
Contour l in e  
Community “boundary 
E le v a tio n  in  f e e t  '  
Secondary d ra in ag e
G rassland  
- -  - - 33OO
F ig u re  21, A diagram m atic r e p re s e n ta t io n  o f  th e  arrangem ent o f  each community-type on a bad land  s lo p e .
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The Rhüs-Agropyron com munity-type was sampled e x c lu s iv e ly  on upper 
s lo p e  p o s i t io n s  i n  p o r c e l la n i te  m a te r ia l*  However, in  a few cases i t  was 
observed  on m iddle p o s i t io n s  in  sm all lo c a liz e d  pockets of p o rc e lla n ite  
t a l u s .  I n  some a re a s  where p o r c e l la n i te  ta lu s  s lo p es  extend down the  
f u l l  le n g th  o f th e  s lo p e ,  t h i s  community-type was found on the  e n t ire  
s lo p e  a s  w e ll  (F ig u re  7 ) .
The Jun iperus-A gropyron  community-type was found e n t i r e ly  on middle 
and low er s lo p e  p o s i t io n s .  The Ju n ip eru s-O ry zo p sls  community-type was 
s tu d ie d  in  th e  m iddle s lo p e  p o s i t io n  a t  one lo c a t io n ,  b u t in  most p laces 
i t  occupied  most of th e  s lo p e .
I n  most lo c a t io n s  th e  P in u s-Ju n ip e ru s  community i s  s i tu a te d  on 
low er s lo p e  p o s i t io n s ,  b u t  in  some cases i t  i s  found on middle p o s it io n s  
as w e l l .  This com m unity-type i s  u s u a lly  found on colluvium  d ep o s its  and 
knobs r e p re s e n tin g  rem nants o f sandstone  ou tcrops a t  th e  b ases  of th e  
bad land  s lo p e s .  However, i t  has a ls o  been observed and sampled on f l a t  
benches and in  sandstone rim rock on m iddle s lo p e  p o s i t io n s ,
A g e n e ra l summary o f th e  more im p o rtan t environm ental c h a ra c te r ­
i s t i c s  o f each community-type i s  p re se n te d  in  Appendix X II,
DISCUSSION
There i s  a r a th e r  d i s t i n c t  lack  o f u n ifo rm ity  in  th e  physiographic 
and edaphic c o n d itio n s  in  so u th e a s te rn  Montana which g ive r i s e  to  lo c a l 
d if fe re n c e s  in  l i f e - fo rm  dominance of th e  v e g e ta t io n . This i s  q u ite  
s tr o n g ly  r e f l e c t e d  in  th e  bad lands where fre q u e n t lo c a l  changes in  
physiography  and g e o lo g ic a l  m a te r ia ls  r e s u l t  in  th e  d is t r ib u t io n  of some 
d i s t i n c t  p la n t  com m unity-types. There a re  c e r ta in  environm ental fa c to rs  
which in f lu e n c e  and c o n tro l  th e  d i s t r ib u t io n  o f th e se  p la n t  communities, 
in c lu d in g  p h y sio g rap h ic  and edaphic c o n d it io n s . I t  has been th e  ob jec­
t iv e  of t h i s  s tu d y  to  i s o l a t e  th e  v a rio u s  prom inent environm ental fa c ­
to r s  in  each com m unity-type and analyze  them in  term s of th e  v e g e ta tio n  
cover th e y  in f lu e n c e .
Each o f th e  com m unity-types has been c h a ra c te r iz e d  in  term s of 
b o ta n ic a l  c h a r a c t e r i s t i c s  based on r e l a t iv e  sp ec ie s  abundance and f r e ­
quency. The r e s u l t s  in d ic a te  t h a t  each community-type i s  s ig n i f ic a n t ly  
d i f f e r e n t  and d i s t i n c t  in  terms of th e  abundance of th e  dominant spec ies  
p r e s e n t .  F ie ld  o b se rv a tio n s  in d ic a te  t h a t  in d iv id u a l s tan d s  of each 
com m unity-type can r e a d i ly  be i d e n t i f i e d  in  term s of t h e i r  b o ta n ic a l 
com position  and l i f e - f o rm , and th e  q u a n t i ta t iv e  in fo rm ation  which was 
an a ly zed  has helped  to  s u b s ta n t ia te  th e se  o b se rv a tio n s . These r e s u l t s  
show t h a t  th e  b o ta n ic a l  d if fe re n c e s  in  th e  s tan d s  of d i f f e r e n t  commun!ty -  
ty p es  a re  n o t due to  chance f a c to r s ,  b u t r a th e r  a re  due t o  d e f in i te  
e n v ir  onm ental v a r i a t i o n s .
The b o ta n ic a l  in fo rm a tio n  analyzed  a ls o  se rv es  to  show th a t  th e  
in d iv id u a l  s ta n d s  of each community-type reo ccu r as s im ila r  communities 
in  many w idely  s c a t te r e d  lo c a t io n s  w herever environm ental co n d itio n s
—97"=
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conducive to  t h e i r  occurrence a re  p r e s e n t .  The edaphic and physio­
g rap h ic  c o n d itio n s  c h a r a c t e r i s t i c  o f each community-type a lso  reoccur in  
s im i la r  p ro p o rtio n s  in  many d i f f e r e n t  lo c a tio n s  th roughou t the  s tudy  
a r e a .  These co n d itio n s  appear to  reo ccu r in  each h a b i ta t  in  c o n s is te n t 
p ro p o rtio n s  commensurate w ith  the e c o lo g ic a l to le ra n c e  l im i ts  of th e  
c h a r a c t e r i s t i c  dominant and sub dom inant sp e c ie s . In  th is  sen se  th e re  
appears to  be a c e r ta in  degree o f u n ifo rm ity  among th e  many h a b i ta ts  of 
each com m unity-type. Each o f th e  in d iv id u a l  s tan d s  of a p a r t ic u la r  type 
su p p o rt th e  same dominant and subdom inant sp ec ie s  i n  about th e  same p ro ­
p o r tio n s  o f r e l a t i v e  abundance. However, a c e r ta in  amount o f v a r ia t io n  
in  th e  a b so lu te  abundance among th e  v a rio u s  h a b i ta ts  fo r  th e  same sp ec ies  
was ex p ec ted  and observed . This co n d itio n  more c lo s e ly  re p re s e n ts  th e  
a c tu a l  s i t u a t io n  in  term s o f b o ta n ic a l  com position because a c e r ta in  
degree o f v a r ia t io n  in  env ironm enta l f a c to r s  i s  common among s im ila r  
h a b i t a t s .
On th e  b a s is  of th e  p reced ing  an a ly ses  and o b se rv a tio n s , i t  i s  con­
c lu d ed  t h a t  each of th e  in d iv id u a l  s tan d s  of each  community-type belong 
to  th e  same n a tu r a l  p la n t  a s s o c ia t io n .  Each community-type i s  considered  
to  be an in d iv id u a l  a b s t r a c t  e n t i t y  composed of many in d iv id u a lly  and 
p h y s ic a l ly  id e n t i f i a b l e  p la n t  communities which a re  s im ila r  in  v e g e ta tiv e  
s t r u c tu r e .
A bsolu te  u n ifo rm ity  in  v e g e ta tiv e  com position or h a b i ta t  en v iro n ­
m ental c o n d itio n s  among w id e ly  s c a t te r e d  s tan d s  o f a community-type was 
n o t o b serv ed . Secondary sp e c ie s  of fo rb s  and some g ra s s e s  were found to  
be q u i te  v a r ia b le  in  term s of abundance and frequency  in  th e  v a rio u s  
s ta n d s ,  and th e re fo re  were n o t  used in  c h a ra c te r iz in g  th e  community-
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types*  A lthough secondary  sp e c ie s  a re  a n a tu ra l  p a r t  of th e  eco lo g ica l 
s t r u c tu r e  o f  each community, t h e i r  r o le  in  th e  c h a ra c te r iz a tio n  of th e  
community i s  r a th e r  l im i te d .  I t  i s  th e  dominant sp ec ie s  which gives the 
community i t s  c h a ra c te r  in  term s o f l i f e - fo rm  and e c o lo g ic a l  s t a b i l i t y  
(Clem ents 1936). T h e re fo re , on ly  th o se  sp e c ie s  which appeared to  main­
t a i n  th e  maximum degree o f dominance from one s im i la r  h a b i ta t  to  another 
were used  as in d ic a to r s  o f community s t r u c tu r e .
Only th e  dom inant and subdom inant sp e c ie s  tak en  c o l le c t iv e ly  were 
used as in d ic a to r s  o f env ironm ental co n d itio n s  w ith in  each community- 
ty p e , A lthough some dominant sp e c ie s  have been shown to  be poor in d i ­
c a to rs  o f c e r ta in  c o n d it io n s ,  some environm ental f a c to r s  a re  more 
s p e c i f i c a l l y  l im i t in g . The in c id en ce  of sp e c ie s  overlap  among h a b i ta ts  
o f v a r io u s  com m unity-types i s  h ig h e s t  in  th e  secondary  group of s p e c ie s . 
The dom inant and subdom inant sp e c ie s  were found to  b e  th e  most r e l ia b le  
in d ic a to r s ,  and o v erlapp ing  in to  o th e r  community-types i s  u su a lly  le s s  
pronounced. In  many cases  th e  occurrence of a dominant of one community- 
type  i n  an o th e r ty p e  i s  r e s t r i c t e d  to  a r a th e r  minor e c o lo g ic a l s ta tu s .  
Only where com m unity-types a re  v ery  c lo s e ly  r e la te d  in  term s o f h a b i ta t  
c o n d itio n s  do th e  same sp e c ie s  se rv e  as dom inants or subdominants in  
each ty p e .
These r e s u l t s  appear to  be s u b s ta n t ia te d  by  th e  observa tions of 
Clements (1928 , 193^4) and Sampson (1939) th a t  th e  p la n t  community i s  the  
b e s t  in d ic a to r  o f env ironm enta l c o n d it io n s . In  term s of the community 
as  an I n d ic a to r ,  th e  r e a c t io n s  of many sp ec ie s  to  th e  continuous v a r ia ­
t io n s  in  th e  environm ent a re  re s p o n s ib le  f o r  a p a r t ic u la r  community 
s t r u c t u r e .  In  t h i s  s e n s e ,  th e  c h a ra c te r  of th e  v e g e ta tio n  as a whole
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r e a c t s  r a th e r  s ig n i f i c a n t ly  t o  changes in  th e  environm ent. Although 
a d ja c e n t s ta n d s  on s l i g h t l y  d i f f e r e n t  h a b i ta ts  may su p p o rt many of th e  
same s p e c ie s ,  th e  s t r u c tu r e  of th e  v e g e ta tio n  in  each in  terms of r e l a ­
t iv e  abundance and freq u en cy  i s  d i f f e r e n t .  Thus, th e  c h a ra c te r  of a 
p la n t  community i s  n o t based  p u re ly  on sp ec ie s  p resence or absence, b u t 
p r im a r i ly  on s t r u c tu r e  a s  ex p ressed  through r e l a t i v e  sp ec ie s  abundance. 
I t  was found t h a t  th e  S arco b a tu s  community-type i s  to le r a n t  o f , bu t 
n o t e n t i r e ly  r e s t r i c t e d  to  s o i l s  o f h igh so lu b le  s a l t  and sodium concen­
t r a t i o n s ,  This community-type has been found on s o i l s  rang ing  from very 
low to  v e ry  h ig h  so lu b le  s a l t  c o n c e n tra tio n s , and as  such i s  p robably  
n o t a good in d ic a to r  of them . These r e s u l t s  a re  s im ila r  to  those  found 
fo r  S arco b a tu s  v e rm icu la tu s  b y  Hayward and Wadleigh (19li9) and G ates 
e t  a l ,  ( 1956) ,  The S arcobatus community-type reaches i t s  g r e a te s t  
developm ent on a re a s  where m o istu re  i s  r e a d i ly  a v a i la b le .  The ex ten siv e  
s ta n d s  o f t h i s  community-type in  th e  bottom lands of the  Powder and 
Tongue R iv e rs  in d ic a te  t h a t  in  a reas  w ith  a high w ater ta b le ,  or where 
s u b s ta n t i a l  q u a n t i t i e s  of m o istu re  a re  a v a i la b le  from ru n o ff ,  Sarcobatus 
v e rm ic u la tu s  a t t a in s  i t s  h ig h e s t  abundance. These conclusions fo llow  
th o se  o f Shantz and P iem eise l (19liO), who found the Sarcobatus a s so c ia ­
t io n  o f th e  E sca lan te  V a lley  to  be r e s t r i c t e d  to  bottom lands and to  
mouths o f d ra in a g e s .
On th e  s te e p  so u th  fa c in g  s lo p es  of th e  badlands the Sarcobatus 
com m unity-type appears  to  be r e s t r i c t e d  to  a re a s  where subsu rface  mois­
tu r e  moves ou t to  th e  su rfa c e  in  s u b s ta n t ia l  q u a n t i t ie s .  In  th ese  a reas  
h ig h  c o n c e n tra tio n s  o f s a l t s  and sodium accum ulate in  th e  s o i l  s u rfa c e ,
A h ig h  degree of s o la r  in s o la t io n  through ev ap o ra tio n  o ften  helps to
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c re a te  a t h i n  s u rfa c e  c ru s t  in  th e  s o i l  co n ta in in g  v i s ib le  c ry s ta ls  of 
s a l t .  The le s s  s a l t - t o l e r a n t  sp e c ie s  of o th e r  community-types cannot 
s u c c e s s fu l ly  compete w ith  th o se  o f th e  S arcobatus community on th e se  
a re a s .  I t  appears th a t  th e  occurrence of l i g n i t e  seams on the s lopes i s  
a p r e r e q u is i t e  to  th e  e s ta b lish m e n t of t h i s  community, presum ably through 
t h e i r  r o le  as a q u i f ie r s .
The degree o f v a r ia t io n  i n  the abundance of secondary  sp ec ies  among 
s ta n d s  was g r e a te s t  in  th i s  com m unity-type. Where s a l t  co n cen tra tio n s  
a re  v e ry  h ig h , S arco b a tu s  v e rm icu la tu s  and D is t i c h l i s  s t r i c t a  a re  the 
p rim ary  members o f t h i s  community. In  r e l a t iv e ly  n o n -sa lin e  s o i l s ,  
S arco b a tu s  v e rm ic u la tu s  s t i l l  m ain ta in s  dominance, b u t A rtem isia  t r id e n -  
t a t a  becomes a n o tic e a b le  sub dom inant. Thus, i t  appears th a t  Sarcobatus 
v e rm icu la tu s  m a in ta in s  i t s  dominant s ta tu s  in  th e  community under condi­
t io n s  where co m p e titio n  i s  la c k in g . I t  i s  p robably  n o t a su c c e ss fu l 
co m p etito r on n o n -sa lin e  s o i l s ,  b u t because o f i t s  s a l t  to le ra n c e  i t  
ach iev es  dominance under s a l in e  c o n d itio n s . This observation  i s  sub­
s ta n t i a t e d  by  th e  s tu d ie s  o f Gates e t  a l ,  (1 9 ^6 ), Shantz and P iem eisel 
(ip liO ), and Hayward and W adleigh ( 19^9 ) .
The A tr ip le x -A r te m is ia  community-type was found to  be e n t i r e ly  
r e s t r i c t e d  to  ou tcrops on v e ry  s teep  dry s lo p es  of in te rbedded  sh a le s  of 
c la y  and s i l t .  I t  i s  a p p a ren t t h a t  th e  degree of s lope  i s  p robably  th e  
most c r i t i c a l  f a c to r  in f lu e n c in g  the d is t r ib u t io n  of t h i s  community- 
ty p e . The exposed su rfa c e s  of bedded g e o lo g ic a l m a te r ia ls  outcrop a t  
th e  s u rfa c e  on ly  on v e ry  s te e p  s lo p e s , and a re  u s u a lly  r e s t r i c t e d  to  
so u th  ex p o su res . Exposure or p o s i t io n  on th e  s lo p e  a re  n o t c r i t i c a l  as 
ev id en ced  by th e  p resen ce  o f t h i s  community on a l l  p o s it io n s  and
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ex p o su res , in c lu d in g  n o rth  where th e  slope  g ra d ie n t was s u f f ic ie n t ly  
s te e p  to  p re c lu d e  s o i l  developm ent or th e  accum ulation o f t a l u s .
These extrem e env ironm en ta l c o n d itio n s  re n d e r  th i s  community-type 
th e  most x e r ic  in  th e  b ad lan d s o f s o u th e a s te rn  Montana* The range in  
th e  degree o f s lo p e  observed  in  th e  f i e l d  i s  from 65 to  w ell over 100 
p e rc e n t .  Presum ably a very  la rg e  p e rcen tag e  of th e  p r e c ip i ta t io n  
re c e iv e d  in  t h i s  commun!ty - ty p e  n ev er i s  absorbed  in to  the s o i l ,  b u t i s  
l o s t  as  r u n o f f .  S e v e ra l o b se rv a tio n s  o f m oistu re  p e n e tra tio n  fo llow ing 
r a in  storm s in d ic a te  t h a t  m o istu re  p ro b ab ly  seldom p e n e tra te s  g re a te r  
than  3 in ch es  in  th e  c la y  s h a le s ,  and 5 inches in  th e  s i l t ,  B il l in g s  
( I 9U9 ) and S hantz  and P ie m e ise l (19^0) have found A tr ip le x  c o n f e r t i f o l i a  
to  be v e ry  d ro u g h t r e s i s t a n t  i n  th e  G rea t B asin re g io n .
On ex trem ely  s te e p  s lo p es  th e  abundance of A rtem isia  t r id e n ta ta  
v e ry  n o tic e a b ly  d e c re a se s , and th a t  of th e  g ra sses  d im inishes to  alm ost 
com plete absence . The g r e a te s t  abundance of spec ies  cover in  t h i s  com­
m un ity -type  occurs on p a r a l l e l  c la y  benches th a t  contour the  slope below 
eroded ou t l i g n i t e  b ed s . The aq u ife ro u s  n a tu re  of th e se  l ig n i t e  beds 
undoub ted ly  i s  a c o n tr ib u tin g  f a c to r  to  th e  in c reased  d e n s ity  of p la n t  
co v er. Root p e n e tra t io n  s tu d ie s  made in  th e  f i e ld  in d ic a te  t h a t  th e  tap  
ro o ts  o f m ature A tr ip le x  c o n f e r t i f o l i a  and A rtem isia  t r ld e n ta ta  p la n ts  
ex tend  to  dep ths o f s ix  f e e t  or more. In  most cases v e r t i c a l  p e n e tra tio n  
te rm in a te s  w ith in  a l i g n i t e  seam where e x ten s iv e  l a t e r a l  ro o t development 
o c c u rs .
S u b su rface  movement of w ater in  t h i s  community-type may no t be as 
g r e a t  as in  th e  S arco b a tu s  community, as  evidenced by th e  r a th e r  low to  
m oderate c o n c e n tra tio n s  o f so lu b le  s a l t s  and sodium near th e  su rfa c e .
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Both o f th e  dom inant s p e c ie s ,  and p a r t i c u la r l y  A tr ip le x  c o n f e r t i f o l ia , 
a re  m o d era te ly  t o l e r a n t  o f s a l in e  s o i l s .  A pparen tly  th e  two dominant 
sp e c ie s  a re  p r im a r i ly  r e s t r i c t e d  t o  th e  beds of c lay  s h a le s ,  b u t ro o ts  
p e n e tr a te  b o th  s i l t  and c la y  m a te r ia l .  I t  was never f u l l y  re so lv ed  ju s t  
which b e d , i f  any, from which th e  dominant sp e c ie s  a re  more f re q u e n tly  
grow ing.
The p r in c ip a l  env ironm enta l f a c to r  c o n tro ll in g  th e  d is t r ib u t io n  of 
th e  A rtem isia -A trip lex -A g ro p y ro n  and th e  A rtem isia-A gropyron communities 
i s  th e  p resen ce  o f t a lu s  m a te r ia l  on th e  badland s lo p e s . The only  con­
s i s t e n t  env ironm en ta l f a c to r  t h a t  was found a s so c ia te d  w ith  bo th  of 
th e se  com munities i s  th e  p resen ce  o f t a lu s  s lo p e s . "Where th e  ta lu s  i s  
r e l a t i v e l y  sh a llo w  on s te e p e r  s lo p e s ,  th e  A rtem isia  -A trip  1 ex-Agr opyr on 
community p red o m in a te s . As th e  s lo p e  becomes more g e n tle  and th e  accum­
u la t io n  o f ta lu s  becomes deeper th e  Artemi s i  a-Agr opyr on community gains 
predom inance.
The Artem i s i  a -A t r  ip le x - Agr opyr on community-type i s  the  most abun­
d an t community o ccu rrin g  in  th e  b ad lan d s . On every  major badland slope 
in  th e  s tu d y  a re a  t h i s  community-type was observed, and u su a lly  found 
to  b e  th e  m ajor community p r e s e n t .
From th e  a n a ly s is  o f  th e  d a ta  i t  i s  ap p aren t th a t  A tr ip le x  c o n fe r t­
i f o l i a  i s  a subdominant i n  the  A rtem isi a -A trip  lex-A gr opyr on community 
as in f lu e n c e d  by r e l a t i v e l y  d r ie r  c o n d itio n s  and h igher s a l t  and sodium 
c o n c e n tra t io n s .  However, a s  th e  s lope  degree becomes le s s  s tee p  and the  
dep th  o f th e  t a lu s  in c re a se s  in  th e  A rtem is ia -Agropyron community-type, 
th e  amount o f ru n o ff  re c e iv e d  in c re a s e s  w ith  a consequent leach ing  of 
s a l t s .  A p p aren tly  th e  env ironm enta l changes in  t h i s  case become more
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fa v o ra b le  to  A rtem is ia  t r i d e n t a t a  and Agropyron spicatum  which are  
s u c c e s s fu l  in  m ain ta in ing  dominance t o  th e  ex c lu s io n  or red u c tio n  of 
A tr ip le x  c o n f e r t i f o l i a .
The A rtem is ia  -Ag r  opyr on community-type i s  u s u a lly  found im m ediately 
above and a d ja c e n t to  th e  g ra s s la n d s  o f the stream  te r r a c e s  a t  the base 
of bad land  s lo p e s .  F re q u e n tly  th e re  i s  a lack  of a d i s t i n c t  boundary 
between t h i s  community-type and th e  g ra s s la n d . The ecotone between th e  
two i s  o f te n  on g e n t le  s lo p e s , and i s  composed of sp e c ie s  from both  
ty p e s . Thus, i t  i s  n o t uncommon to  encoun ter sm all and lim ite d  s tands 
of B outeloua c u r t ip e n d u la , S t ip a  com ata, and S . v i r id u la  in  the 
A rte m is ia -Agropyron com m unity-type.
A co arse  te x tu re d  s o i l  coupled  w ith  a high percen tage  of coarse 
fragm ents appears to  be th e  p r in c ip a l  f a c to r  in flu e n c in g  th e  d i s t r ib u ­
t io n  o f th e  Rhus-Agropyr on communi ty - ty p e .  This community reaches i t s  
g r e a te s t  developm ent on p o r c e l la n i te  s lo p es  where coarse fragm ents may 
c o n s t i tu te  as much as 1̂ 0 p e rc e n t of th e  s o i l  volume. This community- 
type i s  r e s t r i c t e d  to  m oderate ly  s te e p  s lo p es  on sou th  exposures composed 
o f r e d  p o r c e l l a n i te .
Where th e  p o r c e l la n i te  m a te r ia l  makes c o n ta c t w ith  the  c lay  and s i l t  
beds below , th e  abundance o f Rhus t r i l o b a t a  i s  g r e a te s t .  The c la y  and 
s i l t  m a te r ia ls  a r e  r e l a t i v e l y  im pervious t o  w ater p e n e tra tio n , and may 
a c t  a lm ost as a hardpan to  th e  ra p id  i n f i l t r a t i o n  of w ater through th e  
p o r c e l l a n i te .  At th i s  c o n ta c t  th e re  i s  evidence t h a t  some w ater moves 
h o r iz o n ta l ly  to  th e  su rfac e  through th e  p o r c e l la n i te .  This c h a ra c te r ­
i s t i c  g iv es  th e  community a r e l a t i v e l y  sharp  boundary because Rhus 
t r i l o b a t a  i s  v e ry  dense a t  t h i s  c o n ta c t zone. With in c rea s in g  d is ta n c e
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ap th e  s lo p e  away from th e  g e n e ra l c o n ta c t  zone, th e  abundance of Rhus 
t r i l o b a t a  and Agropyron sp icatum  d e c re a se . This c h a r a c te r is t i c  often  
g iv es  t h i s  community th e  appearance o f o ccu rrin g  a s  a narrow band along 
th e  co n to u r o f th e  s lo p e  fo llo w in g  th e  c o n ta c t zone between p o rc e lla n ite  
and c la y  s h a le .
The la c k  o f t r e e s  in  t h i s  communi ty - ty p e  on sou th  exposures i s  
p ro b ab ly  due to  th e  h igh  in c id en ce  o f s o la r  in s o la t io n .  S c a tte re d  p la n ts  
of P inus ponder os a a re  found on e a s t  and w est exposures w ith in  t h i s  com­
m unity, and on n o r th -w e s t and n o r th - e a s t  exposures the  Rhus-Agropyron 
communi ty - ty p e  g iv es  way to  p in e  w oodland. In  a re a s  on sou th  slopes 
where su b su rface  m oistu re  i s  r e l a t i v e l y  high  some mesic herbaceous and 
shrub sp e c ie s  have been found to  move in to  th e  community. At one lo c a ­
t io n  a dense s ta n d  of Elymus c in e reu s  was found w ith  Rhus t r i l o b a t a ,
R ibes cereum was found in  th e  s ta n d  in  th e  E ast Fork o f Hanging Woman 
C reek,
The d i s t r ib u t io n  o f the  Juniperus-A gropyron and th e  Ju n ip e ru s- 
O ryzopsis com m unity-types appears to  be c o n tro lle d  by the in flu e n c e  of 
exposu re . The fo rm er community-type i s  r e s t r i c t e d  to  w est, so u th -w est, 
o r e a s t  and s o u th -e a s t  exposures o f badland topography, and th e  l a t t e r  
com m unity-type to  n o r th  s lo p es  a s s o c ia te d  w ith  p ine  woodland. The 
Jun iperus-A gropyron  community-type i s  commonly found in  th e  channels of 
s id e  d ra in a g e s  t h a t  flow  from bad lan d  s lo p e s .  A lso , t h i s  community i s  
f r e q u e n t ly  found ex ten d in g  ou t in to  th e  g ra ss lan d s  in  th e  channels of 
th e se  d ra in a g e s . I t s  g r e a te s t  developm ent i s  reached  on w est and e a s t  
exposures o f b ad land  s lo p e s ,  b u t  i t  has never been observed on south 
ex p o su re s .
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The Jun ip  e ra  s -Agropyr on commimi ty - ty p e  i s  th e  second most abundant 
type  i n  th e  b a d la n d s , and i t  i s  e s tim a te d  to  cover 20 p e rce n t of the 
b ad lan d  area*  I t  i s  one o f th e  more m esic communities studied* With 
s l i g h t  changes i n  exposure to  a more x e r ic  a s p e c t,  i t s  boundaries are 
v e ry  sharp  and d i s t i n c t .  On d r ie r  s i t e s  s tan d s  a re  composed of about 
300 t r e e s  p e r  a c r e ,  b u t on th e  m o iste r s i t e s  t h i s  in c re a se s  to  about
600 t r e e s  p e r a c r e .
The Ju n ip e ru s - O ryzopsis communi ty - ty p e  i s  c lo s e ly  r e la te d  to  the 
Jun iperus-A gropyron  community in  term s o f th e  common sp ec ie s  in  each, 
excep t f o r  th e  p resen ce  of O ryzopsis mi cran th  a in  th e  form er community. 
The d i s t r i b u t io n  of t h i s  community i s  e x c lu s iv e ly  r e s t r i c t e d  to  m oist 
n o r th  ex p o su res . The v a r ia t io n  in  th e  s o i l  f a c to r s  in d ic a te  t h a t  they  
a re  n o t  im p o rtan t in  in f lu e n c in g  th e  d i s t r ib u t io n  o f t h i s  community- 
ty p e .
The p r in c ip a l  f a c to r s  c o n tro ll in g  th e  d is t r ib u t io n  of th e  P inus-  
Ju n ip e ru s  communi ty - ty p e  appear to  be i t s  p o s it io n  on th e  slope and th e  
o ccu rren ce  o f sandy k n o lls  a t  the base of badland s lo p e s . A pparently
t h i s  com m unity-type i s  r e s t r i c t e d  to  g e n tle  s lo p e s , b u t exposure i s  n o t
as s p e c i f i c .  A t th e  b ase  o f s te e p  badland s lo p es  th is  community-type 
re c e iv e s  a s u b s ta n t ia l  amount of w ater ru n o ff  o r ig in a t in g  from th e  s te e p  
s lo p e s  above. A lso , th e  r a p id  i n f i l t r a t i o n  of p r e c ip i ta t io n  in to  the  
sandy s o i l  g iv es  th e  t r e e  sp ec ie s  a co m p etitiv e  advantage over th e  
r e l a t i v e l y  sh a llo w  ro o te d  herbaceous and shrubby v e g e ta tio n .
W ith an in c re a s e  in  th e  degree of s lo p e  th e  e f f e c ts  of exposure 
become pronounced on th e  d i s t r ib u t io n  o f th e  P inus»Ju n ip eru s community. 
In  co a rse  te x tu re d  s o i l s  on s te e p  s lo p es  on south exposures Rhus-
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t r i l o b a t a  assumes dominance, and Pinus ponderosa w i l l  n o t reassume dom­
in an ce  u n le s s  th e  exposure changes to  n o rth -w es t or n o r th - e a s t .  The 
f a c to r s  o f  physiography  and s o i l  t e x tu r e  a p p a re n tly  a re  dominant in  
in f lu e n c in g  th e  d i s t r i b u t io n  o f t h i s  community.
Each o f th e  com m unity-types appears to  be  a s s o c ia te d  w ith  c e r ta in  
o th e r ty p e s ,  a lthough  no g e n e ra l iz a t io n  can be d e f in i t e ly  made in  th i s  
c a se . The m a tte r  o f community a s s o c ia t io n  i s  p r im a r ily  c o n tro lle d  by 
th e  d i s t r i b u t io n  o f to p o g ra p h ic a l f e a tu r e s .  On long s lo p e s  w ith  a wide 
range in  g e o lo g ic a l m a te r ia ls ,  p a t te r n s  o f v a r io u s  community-types are  
a rra y e d  i n  s t r ik in g  co n fo rm ity  w ith  lo c a l  h a b i ta t  c o n d itio n s . In  th e  
most u s u a l sense  c e r ta in  com m unity-types a re  a p p a re n tly  a s so c ia te d  w ith 
c e r ta in  o th e r  com m unity-types as a d ja c e n t s tan d s  on th e  badland s lo p e s . 
However, i t  i s  n o t uncommon to  f in d  s ta n d s  o f any one of th e  community- 
ty p es  o ccu rrin g  as an i s o la te d  community, com pletely  d is ju n c t  from any 
o th e r b ad lan d  community. This i s  p a r t i c u la r ly  common on s lopes of 
r a th e r  sm a ll i s o la te d  b u t te s  or on r e s t r i c t e d  and s l i g h t l y  e lev a ted  
rem nants o f bad land  topography  which a re  surrounded by g ra ss lan d  or p in e  
woodland v e g e ta t io n .
The S arco b a tu s  and th e  A tr ip le x -A r  tem is ia  community-types a re  
a lm ost alw ays a d ja c e n t to  each o th e r .  Most commonly the  S arcobatus com­
m unity i s  below  th e  A tr ip le x -A rte m is ia  community, o r b eside  i t  a t  the 
same e le v a t io n .  I t  has been observed t h a t  th e  S arcobatus community 
o ccu rred  above th e  l a t t e r  community, b u t  t h i s  i s  a r a th e r  s p e c ia l  case .
I n  a re a s  where th e  S arco b a tu s  community i s  ab sen t, th e re  i s  a 
c h a r a c t e r i s t i c  sequence o f communities on th e  s lo p e  v ery  commonly 
observed  th ro u g h o u t th e  s tu d y  a re a .  Where a p o rc e l la n i te  cap i s  la c k in g .
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as on b u t te s  and f la t - to p p e d  m esas, th e  A tr ip le x -A rte m is ia  community 
commonly occup ies th e  upper o n e - th ird  o f th e  s lo p e . Im m ediately below 
t h i s  th e r e  may be a th in  or m oderate ly  th ic k  bed of outcropping sand­
s to n e , below which th e  g r e a te s t  p a r t  of th e  s lo p e  i s  occupied by the 
A rtem isia -A trip lex -A g ro p y ro n  com m unity-type. The colluvium  m a te ria l 
su p p o rtin g  th i s  community i s  p r im a r i ly  d e riv ed  from th e  w eathering of 
th e  m assive ou tcrops o f san d sto n e . The low er o n e - f i f th  to  o n e - th ird  of 
th e  s lo p e  i s  occupied by th e  A rtem isia-A gropyron community-type.
The Rhus-Agropyron communi ty - ty p e  i s  a s s o c ia te d  on th e  upper end 
w ith  P inus ponderosa s tan d s  which occupy n o r th  exposures im m ediately 
over th e  c r e s t  of th e  bad lan d  s lo p e . Below th e  Rhus-Agropyron commun­
i t y ,  and a d ja c e n t t o  i t ,  i s  u s u a lly  lo c a te d  th e  A trip lex -A rtem is ia  com­
m unity on so u th  ex p o su res . On e a s t  and w est exposures th e  Ju n ip e ru s-  
Agropyron community commonly occurs im m ediately  below th e  Rhus- 
Agropyron community. On s l id e s  composed o f ta lu s  p o rc e l la n i te  th is  
community may occur as  an i s o la t e d  s tan d  (F igu re  7 ).
The Juniperus-Agropyron community-type i s  almost always associated  
with the Artemisia-Atriplex-Agropyron communi ty-type. Usually the la tter  
community extends around the slope to  the south-west or south-east where 
the Juniperus-Agropyron community gains prominence. In a few places 
th is  community i s  a lso  associated  with the Pinus-Juniperus community on 
south-west or south-east slop es.
The Juniperus-Oryzopsis communi ty-type i s  always associated with 
pine woodland, or i s  an iso la te d  community on north slop es,
Pinus-Juniperus stands are e ith er iso la ted  on c o llu v ia l knolls and 
remnants o f sandstone outcrops at the base of badland slop es, or
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o c c a s io n a lly  a s s o c ia te d  m_th th e  Ju n ip eru s -Agropyron or th e  A rtem isia-  
A trip lex -A g ro p y ro n  com m unities. In  some p lac e s  th e  l a t t e r  community, 
o r th e  A rtem is ia -A g r opyr on community ex tends down the  s lo p e  and borders 
on th e se  co lluvium  k n o l ls .
There i s  some in d ic a t io n  th a t  th e  e f f e c t s  o f c lim a tic  drought may 
s ig n i f i c a n t ly  a f f e c t  th e  long term  d is t r ib u t io n  o f P inus ponder os a and 
Ju n ip e ru s  scopulorum . In  th e  e a s te rn  p o r tio n  of th e  s tu d y  a rea  near the  
Powder R iv e r th e re  was found e x ten s iv e  a re a s  su p p o rtin g  s tan d s of young 
Ju n ip e ru s  scopulorum , b u t  on ly  dead snags o f P inus pondero sa . No e v i­
dence o f c h a rc o a l was found to  in d ic a te  f i r e  a s  the cause of th is  
phenomenon. A v e ry  ap p a ren t la ck  of P inus ponderosa seed lin g s  in d ic a te  
t h a t  some h i s t o r i c a l  change has tak en  p lace  in  th e  s i t e .  I t  i s  f e l t  
t h a t  th e  p o s s i b i l i t y  of drought a s  a f a c to r  cannot be e n t i r e ly  e lim in a ted  
as th e  ca u se . The e f f e c t s  o f d rought on mixed p r a i r i e  v e g e ta tio n  has 
been e x te n s iv e ly  d isc u sse d , p r im a r i ly  by Coupland (19?8, 1 9 5 9 A lb e rt­
son and Weaver ( I 9U6 ) ,  E l l is o n  and W oolfoik (1937)> and B orchert (1950).
There a re  c e r ta in  v eg e ta tio n -en v iro n m en t r e la t io n s h ip s  which in d i ­
c a te  t h a t  some in fe re n c e  can be made r e l a t iv e  to  the p robable  geographic 
a f f i n i t i e s  o f th e  f lo r a  in  th e  b ad lan d s . I t  appears t h a t  most of th e  
secondary  sp e c ie s  en co u n te red , p r im a r i ly  th e  herbaceous v e g e ta tio n , 
belong to  th e  r e g io n a l  g ra s s la n d  clim ax of th e  n o rth e rn  G reat P la in s  
(Coupland 1950, 196I ,  Larson and Whitman 19lj-2, Q uinnild  and Cosby 1958, 
Clem ents 193U> Weaver and Clements 1938, A lb ertso n  and Weaver I 9I46) .
A lso , th e r e  i s  abundant ev idence t h a t  th e  m a jo rity  o f th e  shrub and t r e e  
sp e c ie s  have c e n te rs  o f  o r ig in  f a r  removed from so u th e a s te rn  Montana 
( P o t te r  and Green 196k, B ee tle  1960 , Reed and P e te rso n  I 96I ,  Gates e t  a l .
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1956, B ill in g s  191(9).
The d i s t r i b u t io n  o f th e  woody sp e c ie s  in  so u th e a s te rn  Montana 
appear to  be c o n tro l le d  b y  p h y sio g rap h ic  fe a tu re s  of th e  landscape. The 
p r in c ip a l  woody s p e c ie s ,  most o f which a lso  occur on th e  badland topog­
rap h y , appear to  have o r ig in a te d  in  th e  Rocky M ountains, th e  Black H i l ls ,  
and th e  G rea t B as in . The p r in c ip a l  Rocky Mountain sp ec ie s  inc lude  Pinus 
pondero sa , Ju n ip e ru s  scopulorum , F es tu ca  id a h o e n s is , and Rhus t r i l o b a t a . 
I t  has been su g g ested  t h a t  P inus ponderosa re p re s e n ts  a r e l i c t  of th e  
Black H i l l s  r e g io n , b u t P o tte r  and Green (1961;) d isco u n t t h i s  hypothesis 
on th e  b a s is  t h a t  ev idence i s  la ck in g  f o r  p o s t-P le is to c e n e  m igration  of 
t h i s  sp e c ie s  in  w este rn  N orth D akota.
Of th e  clim ax fo rm atio n s o f N orth Am erica, Weaver and Clements
(1938) in d ic a te  t h a t  A tr ip le x  c o n f e r t i f o l i a , A rtem isia  t r i d e n t a t a , 
S arco b a tu s  v e rm ic u la tu s , and E u ro tia  la n a ta  a re  p a r t  of the  c lim a tic  
clim ax on ly  i n  th e  s a l t  d e s e r t  and n o r th e rn  d e s e r t  shrub reg io n s  of th e  
G re a t B as in . I t  i s  e v id e n t from th e  l i t e r a t u r e  t h a t  these  sp ec ies  
re a c h  t h e i r  g r e a te s t  e c o lo g ic a l  developm ent in  th e se  reg ions (G ates e t  
a l . 1956, F a u tin  19l;6, S tew art e t  a l .  19l|0, B il l in g s  19l;9, Fireman and 
Hayward 1952, Shantz and P iem eise l 19l;0).
A lthough th e se  same woody sp ec ie s  have been re p o rte d  to  occur on 
th e  b u t te s  of w estern  N orth Dakota by Judd (1939) and Whitman and Hanson
(1939)f i t  i s  ap p a ren t t h a t  they  a re  n o t r e p re s e n ta t iv e  of th e  clim ax of 
th e  n o r th e rn  G rea t P la in s  re g io n . I t  i s  apparen t th a t  physiographic  
c o n d itio n s  a re  th e  p r in c ip a l  f a c to r s  c o n tro ll in g  th e  d is t r ib u t io n  o f th e  
v e g e ta tio n  in  th e  b a d la n d s . R e la tiv e  t o  th e  t r e e  v e g e ta tio n  and Rhus 
t r i l o b a t a ,  i t  i s  a p p a re n t t h a t  t h e i r  d is t r ib u t io n  i s  r e s t r i c t e d  to  the
- I l l -
m esic s i t e s  a s  c o n tro lle d  b y  exposure and  s o i l  te x tu re *  However, in  the  
case o f th e  shrub dom inants n a t iv e  to  th e  G reat B asin , th e i r  d is t r ib u tio n  
i s  r e s t r i c t e d  p r im a r i ly  to  x e r ic  s i t e s .  Although the  p r e c ip i ta t io n  of 
th e  s tu d y  a re a  i s  a lm o st double t h a t  o f th e  G rea t B asin  re g io n , th e  
e f f e c t s  o f an extrem e s lo p e  g ra d ie n t  coupled w ith  p redom inantly  south 
exposures and r e l a t i v e l y  heavy s o i l s  a re  s u f f i c i e n t  to  compensate f o r  
th e  g e n e ra l  c l im a tic  d i s p a r i ty .  High c o n ce n tra tio n s  of so lu b le  s a l t  
accum ulations in  th e  s o i l  su rfa c e  coupled w ith  in c re a se d  s o la r  in s o la ­
t io n  and h igh  ev ap o ra tio n  c re a te  an env ironm ental s i tu a t io n  v ery  s im ila r  
to  th e  d ry  d e s e r t  r e g io n s .  S o i l  and v e g e ta tio n  d a ta  of t h i s  study appear 
to  be commensurate w ith  t h a t  r e p o r te d  fo r  th e se  sp ec ies  in  th e  G reat 
B asin (G ates  e t  19^6, F au tin  19^:6, S tew art e t  a l ,  191:0, Shantz and 
P iem eise l 19LO, B i l l in g s  19U9).
SUMMARY AM) CQNCIUSIGNS
The v e g e ta t io n  o ccu rrin g  on th e  bad land  topography of so u th easte rn  
Montana i s  composed o f seven r e a d i ly  d is t in g u is h a b le  p la n t  community- 
ty p e s , Each communi ty - ty p e  occurs as many w idely  s c a t te re d  stands on 
c h a r a c t e r i s t i c  h a b i ta t  c o n d itio n s  th roughou t th e  bad lands of th e  study 
a re a .  I t  was th e  o b je c t iv e  of t h i s  s tu d y  to  c h a ra c te r iz e  each community- 
type in  term s o f i t s  b o ta n ic a l  c h a r a c te r i s t i c s  and a s so c ia te d  environ­
m ental f a c to r s .
The s t i c k - l i n e  in te r c e p t io n  sam pling tech n iq u e  was used to  d e te r ­
mine th e  r e l a t i v e  abundance and freq u en cy  o f each community-type. S o il  
samples were c o l le c te d  from  th e  upper and lower horizons of each 
com m unity-type, and were an a ly zed  fo r  s o i l  t e x tu r e ,  p e rce n t coarse  f r a g ­
m ents, perm anent w il t in g  p e rc e n ta g e , pH, e l e c t r i c a l  c o n d u c tiv ity , and 
e x tr a c ta b le  sodium and calc ium . P r o f i le  d e s c r ip tio n s  were a lso  made fo r  
each com m unity-type. P hysiog raph ic  in fo rm atio n  c o lle c te d  in c lu d es  p e r­
c e n t s lo p e , s lo p e  exposure , and th e  community's p o s it io n  on the  s lo p e .
The v a r io u s  bad land  community-types s tu d ie d  a re  th e  S a rco b a tu s , 
A tr ip le x -A rte m is ia , A r te m is ia -A tr ip le x -Agropyron, A rtem isia -Agropyron,
Rhu s -Agr opyr on, Ju n iperus-A gropyron , and th e  P inus- Jun iperus communities. 
An a d d i t io n a l  communi ty - ty p e  was in c lu d ed  because of i t s  c lo se  r e l a t io n ­
sh ip  w ith  th e  J unip  e r  us -Agropyr on community. This communi ty - ty p e , the  
Ju n ip e ru s-O ry zo p sis  community, i s  never found on ty p ic a l  badland topog­
rap h y , S e v e ra l microcomm unities were a lso  observed and s tu d ie d , th e  two 
most p rom inen t ones b e in g  th e  Eriogonum m ulti ceps and th e  Sporobolus 
c ry p tan d ru s  m icrocom m unities.
In  g e n e ra l ,  th e  r e s u l t s  of th e  b o ta n ic a l  s tu d ie s  in d ic a te  th a t  the
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v a rio u s  cornmuni ty - ty p e  s a re  s ig n i f i c a n t l y  d i f f e r e n t  from each o ther in  
term s o f th e  k in d  and abundance of th e  dom inant spec ies*  I t  fo llow s 
th a t  th e  observed d if fe re n c e s  among th e  community-types a re  due to  some 
o th e r  f a c to r  or group of f a c to r s  o th e r  than  chance or sam pling e r ro r s .  
Thus, i t  i s  concluded t h a t  v a r io u s  environm ental f a c to r s  a re  in f lu e n t ia l  
i n  c o n tro ll in g  th e  d i s t r i b u t io n  o f th e  p la n t  community-types of th e  bad­
lands in  s o u th e a s te rn  Montana,
I t  has a ls o  been shown t h a t  th e  d if fe re n c e s  in  abundance between th e  
v a rio u s  dom inant and sub dom inant sp e c ie s  w ith in  each communi ty -ty p e  are  
s ig n i f i c a n t .  There i s  a s tro n g  elem ent o f s im i l a r i t y  between stands of a 
g iven  communi ty - ty p e .  The r e l a t i v e  abundances of th e  major sp ec ies  and 
th e  r e s u l t in g  r e la t io n s h ip s  were t e s t e d  s t a t i s t i c a l l y  and found to  sup­
p o r t  t h i s  co n c lu s io n .
I t  i s  a p p a ren t from th e  a n a ly s is  o f  environm ental f a c to rs  t h a t  
p h y sio g rap h ic  c o n d it io n s ,  in  so f a r  as th e y  in flu e n c e  th e  a v a i l a b i l i ty  
of s o i l  m o is tu re , a re  o f prim e im portance to  th e  d is t r ib u t io n  of th e  
v a r io u s  com m unity-types. S o i l  f a c to r s  appear to  be r a th e r  secondary in  
in f lu e n c in g  community d i s t r i b u t io n ,  however c e r ta in  edaphic cond itions 
were found to  be im p o rta n t. These in c lu d e  s o i l  te x tu re ,  p e rc e n t coarse 
frag m en ts , s o lu b le  s a l t  c o n c e n tra tio n , and sodium co n ten t.
The S arco b a tu s  com m unity-type was found to  be to l e r a n t  o f , b u t  n o t 
r e s t r i c t e d  to  s o i l s  o f h igh  s a l t  and sodium c o n c e n tra tio n s . I t  reaches 
i t s  g r e a t e s t  developm ent in  bottom lands w ith  a high w ater ta b le  or th a t  
r e c e iv e s  a s u b s ta n t i a l  ru n o ff  from a d ja c e n t s lo p e s . On s te e p  s lo p es  i t  
was found  on ly  where th e re  was s u f f i c i e n t  movement of subsu rface  w ater 
o u t to  th e  s u rfa c e  to  in c re a se  th e  accum ulation of s a l t s  and sodium in
th e  upper two f e e t  of th e  s o i l .  The A tr ip le x -A rte m is ia  community was 
a ls o  found to  be r e l a t i v e l y  t o le r a n t  o f s a l in e  and high  sodium s o i l s ,  
b u t  n o t to  th e  e x te n t  t h a t  the S arco b a tu s  community was observed. The 
A tr ip le x -A r te m is ia  community i s  e n t i r e ly  r e s t r i c t e d  to  d ry  very  steep  
s lo p e s  where th e  g e o lo g ic a l  s t r a t a  ou tcrop  a t  th e  s u r fa c e .  The g re a te s t  
abundance of A tr ip le x  c o n f e r t i f o l i a  and A rtem isia  t r i d e n ta ta  occurs on 
h o r iz o n ta l  benches formed a s  th e  r e s u l t  o f e ro sio n  of l ig n i t e  seams. The 
beds of l i g n i t e  c o a l a re  b e lie v e d  to  p la y  a very  s ig n i f ic a n t  r o le  in  the 
d i s t r ib u t io n  o f b o th  o f th e  above community-types through th e i r  c ap ac ity  
to  se rv e  as a q u i f i e r s .
T alus s lo p e s  o f sandstone frag m en ts , c la y  s h a le s , s i l t ,  and s i l t -  
s to n e  a r e  p r e r e q u is i t e  to  th e  occurrence of th e  A rte m is ia -A trip le x -  
Agropyron and th e  A rtem isia-A gropyron com m unities. Accumulations of 
ta lu s  u s u a lly  develop on m oderate s lo p es  below massive outcroppings of 
sa n d sto n e . The form er communi ty - ty p e  occurs on the  d r ie r  and s te e p e r  
s lo p e s  w ith  th e  sh a llo w er t a lu s  accum ulations. U su a lly , im m ediately 
below t h i s  community, where th e  s lo p e  i s  g e n t le r  and th e  t a lu s  accumu­
l a t e s  to  g r e a te r  d ep th , th e  A rtem isia-A gropyron community occurs. This 
communi ty - ty p e  presum ably r e c e iv e s  a g r e a te r  amount of ru n o ff ,  and hence 
i s  th e  more m esic s i t e  of th e  two. This p rov ides fo r  g re a te r  leach ing  
o f s a l t s  and sodium , and p ro v id e s  more m oisture fo r  p la n t  growth. I t  i s  
f e l t  t h a t  th e se  f a c to r s  a llow  fo r  th e  su c c e ss fu l com petition  of A rtem isia  
t r i d e n t a t a  and Agropyron sp icatum  w ith  A tr ip le x  c o n f e r t i f o l i a , w ith  the 
r e s u l t  t h a t  th e  l a t t e r  s p e c ie s  i s  e lim in a ted  or reduced to  a minor s ta tu s  
in  th e  community s t r u c tu r e .
C oarse te x tu re d  s o i l s  on so u th  fac in g  p o r c e l la n i te  s lo p es  support
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th e  Rhü 3-Agr opyr on communi ty - ty p e .  The r a p id  i n f i l t r a t i o n  of m oisture 
in to  th e  s o i l ,  coup led  w ith  h ig h  s o la r  in s o la t io n  on sou th  slopes allows 
Rhus t r i l o b a t a  to  s u c c e s s fu l ly  compete w ith  herbaceous and t r e e  vegeta­
t i o n ,  S tands of Rhus t r i l o b a t a  reach  th e i r  g r e a te s t  development in  the 
c o n ta c t zone betw een p o r c e l la n i te  and in te rb ed d ed  sh a le s  of c la y  and 
s i l t .
The c lo s e ly  r e l a t e d  Ju n ip  eru s -Agr opyr on and Ju n ip e ru s -O ryzopsis 
communities a re  r e s t r i c t e d  to  m oist s i t e s .  The form er community i s  
r e s t r i c t e d  to  th e  bad land  topography , and th e  l a t t e r  to  m oist m icro­
h a b i ta t s  on n o r th  s lo p e s .  The form er community-type i s  found only in  
d ra in ag e  channels on south  s lo p es  or on g e n tle  e a s t  and w est fac in g  
s lo p es  o f th e  b ad la n d s . The l a t t e r  community-type i s  found in  a s so c ia ­
t io n  w ith  p in e  woodlands on n o r th  s lo p e s , and i s  never found in  th e  bad­
la n d s , The c h ie f  d if f e re n c e  between th e se  two community-types i s  th e  
e x c lu s iv e  and conspicuous occurrence o f O ryzopsis m icrantha in  th e  
J  un i peru  s-O r yz o p sis  com m unity-type,
Sandy te x tu re d  k n o lls  re p re s e n tin g  colluvium  d e p o s its  or rem nants 
of san d sto n e  ou tcro p s a t  the base o f bad land  slopes su p p o rt the  P inus-  
Ju n ip e ru s  com m unity-type. Presum ably th e  lower in c id en ce  of s o la r  
r a d ia t io n  and th e  in c re a se d  amount ru n o ff  re c e iv ed  on th e se  s i t e s  a re  
s u f f i c i e n t  to  su p p o rt t h i s  community. A pparen tly  th e  degree o f s lo p e  i s  
most im p o rta n t in  l im i t in g  i t s  d i s t r ib u t io n  on south  exposures. On south 
fa c in g  s lo p e s  w ith  a s lo p e  g r a d ie n t  g re a te r  than  30 p e rc en t th e  P inus-  
Ju n ip e ru s  community g iv es  way to  th e  A rtem isi a -A trip  lex-A  gr opyr on or th e  
Rhus-Agropyron community.
I t  i s  concluded t h a t  the  v e g e ta tio n  o f th e  bad lands of so u th ea s te rn
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Montana does n o t r e p re s e n t  th e  clim ax f o r  th e  s tu d y  a re a . I t  i s  f e l t  
t h a t  th e  dom inant e c o lo g ic a l  in f lu e n c e  of c lim a te  w i l l  in  tim e, through 
base  l e v e l in g ,  c r e a te  h a b i ta ts  u n s u ita b le  to  th e  p re s e n t v e g e ta tio n , and 
more s u i ta b le  t o  th e  r e g io n a l  mixed p r a i r i e  g ra ss la n d  clim ax. The p re s ­
e n t v e g e ta tio n  of th e  bad lands re p re s e n ts  ex ten s io n s  of v e g e ta tio n  w ith  
s e v e ra l  d i f f e r e n t  geograph ic  a f f i n i t i e s  in c lu d in g  th e  Black H i l l s ,
Rocky M ountains, and th e  s a l t  d e s e r t  o f th e  G rea t B asin . The dominant 
env ironm enta l in f lu e n c e s  c o n tro l l in g  the  d i s t r ib u t io n  o f th e  badland 
v e g e ta tio n  a re  p h y s io g rap h ic  f a c to r s  which compensate f o r  th e  re g io n a l 
c lim a te , and c re a te  a complex o f h a b i t a t  c o n d itio n s  s u i ta b le  fo r  th is  
heterogeneous v e g e ta t io n .  These com pensating fe a tu re s  o f th e  landscape 
can be re g a rd e d  as a p a s s in g -tim e  phase in  th e  development of th e  clim ax 
v e g e ta t io n .
In  term s o f l iv e s to c k  and game u se , the  A rtem isia-A gropyron and 
th e  Rhus-Agropyron com m unity-types a re  p robab ly  th e  most im p o rtan t of 
th e  bad land  com m unity-types. These two communities appear to  be the  
on ly  ones s u i t a b le  f o r  use  in  term s o f abundance o f fe e d  and a c c e s s ib i l ­
i t y ,  A lthough o th e r com m unity-types su p p o rt p a la ta b le  s p e c ie s , th e  
problem s o f a c c e s s i b i l i t y  p rec lu d e  e x te n s iv e  g raz in g  use of them.
The bad lands a re  p ro b ab ly  b e s t  s u ite d  to  use by game. F ie ld  obser­
v a tio n s  in d ic a te  t h a t  Rhus t r i l o b a t e  i s  g razed  p r im a r ily  by d ee r. The 
A rtem isia-A gropyron  community su p p o rts  th e  d e n se s t s tan d  of g ra s s e s , and 
p re s e n ts  th e  most a c c e s s ib le  topography in  th e  b ad lan d s . In  most cases 
t h i s  com m unity-type i s  a d ja c e n t t o  th e  g ra ss la n d  types im m ediately 
below th e  bad land  s lo p e s ,  and su p p o rts  many of th e  same s p e c ie s .
Perhaps th e  most im p o rtan t im p lic a tio n s  of th e  badlands to  the  land
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manager a re  th o se  o f  w atershed  management. In  th i s  r e s p e c t ,  d i r e c t  
a p p l ic a t io n  o f r u n o f f  c o n tro l  m easures or th e  c o n s tru c tio n  of erosion  
c o n tro l  s t r u c tu r e s  to  th e  s te e p  s lo p es  would p robab ly  prove im p ra c tic a l. 
I t  i s  su g g ested  t h a t  th e  e f f e c t s  of w ater movement and s o i l  erosion  be 
c o n tro l le d  from th e  s ta n d p o in t of sound g raz in g  management p r in c ip le s .  
Through th e  r e g u la t io n  of g raz in g  and sound management a p p lic a t io n s ,  th e  
g ra s s la n d  v e g e ta t io n  im m ediately  a d ja c e n t to  th e  b ase  of th e  badland 
s lo p es  shou ld  be  m ain ta ined  a t  maximum v ig o r and d e n s ity  to  a id  in  
d e s i l t i n g  and c o n tro l l in g  th e  fo rc e  of r u n o f f .  I t  i s  recommended th a t  
only  l im i te d  g ra z in g  in  the  s p r in g  and f a l l  be p e rm itted  on th e se  g ra s s ­
lan d  t e r r a c e s .
The rugged  t e r r a i n  o f th e  bad lands o f fe r  some measure of s h e l te r  to  
l iv e s to c k  d u rin g  sev ere  s to rm s, and some seep a re a s  where high s a l t  con­
c e n tr a t io n s  accum ulate on th e  s o i l  su rfa c e  o f fe r  n a tu r a l  l i c k s .
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Appendix I* L is t  o f th e  p lan t sp e c ie s  found in  the badlands of south­
eastern  Montana,
G rasses and G ra s s lik e  P la n ts
Agropyron dasystachum  (H ook.) S c rib n .
A. s m ith i i  Rydb,
A. sp icatum  (P u rsh ) S c r ib n . and Smith 
A. subsecundum (L ink) H itch c .
A. trachycaulum  ( l in k )  M alta ,
Andropogon g e ra rd i  Vitman.
A. sc o p a riu s  Michx.
A r i s t id a  lo n g is e ta  S teu d .
B outeloua c u r tip e n d u la  (M ichx.) T o rr.
B. g r a c i l i s  (H .B .K .) Lag, ex S teu d .
Bromus tec to rum  L.
C alam ag ro stis  m ontanensis S c r ib n ,
C alam ovilfa  lo n g i f o l ia  (H ook.) S c r ib n ,
Carex e le o c h a r is  B a iley .
C. f i l i f o l i a  N u tt .
C, p en sy lv an ica  Lamarck,
D anthonia u n is p ic a ta  (T h u rb .) Munro ex Macoun. 
D i s t i c h l i s  s t r i c t a  (T o r r .)  Rydb,
Elymus c in e re u s  S c r ib n ,
F es tu c a  id ah o e n s is  Elmer,
K o e le r ia  c r i s t a t a  (L .)  P e rs ,
M uhlenburgia c u sp id a ta  ( T o r r .)  Rydb.
O ryzopsis hymenoides (Roem. and S c h u l t .)  R icker. 
0 , m icran tha  (T r in .  and R u p r.) Thurb,
Poa secunda P r e s l .
S i ta n io n  h y s t r ix  (N u tt.)  J .  G, Smith 
Sporobolus a i r o id e s  (T o r r .)  T o rr .
S . c ry p tan d ru s  (T o r r .)  A. G ray.
St i p a coma t a  T r in .  Rupr,
S , v i r id u la  T r in .
Forbs
A c h il le a  m ille fo liu m  L,
A llium  t e x t i l e  N e ls . and Macbr, 
Ambrosia a r t e m is i f o l i a  L, 
A n ten n aria  p a r v i f o l i a  N u tt ,  
A rte m is ia  d racuncu lus L,
A. lu d o v ic ia n a  N u tt ,
A s te r  spp .
A s tra g a lu s  b is u lc a tu s  (H ook.) Gray, 
A, drummondii Dougl.
A, s t r i a t u s  N u tt ,
A tr ip le x  a rg en te a  N u tt,
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Appendix I .  L is t  o f  the p la n t sp ec ie s  found in  the badlands of south-
ea stern  Montana -  Continued.
Forbs -  C ontinued
B alsam orrh iza  s a g i t t a t a  (P u rsh .)  N utt* 
Besseya c in e r ia  (R a f ,)  Penn*
C erastium  a rv en se  L*
C hrysopsis  v i l l o s a  (P ursh*) N utt* 
C irsium  undulatum  ( N u t t . )  Apreng. 
Comandra u m b e lla ta  N utt*
G ryp tan the  b rad b u rian a  Pays on. 
E ch inacea p a l l id a  N utt*
E r ig e ron pum ilus N u tt .
G a i l la r d ia  a r i s t a t a  P u rsh ,
Gaura co ccin ea  P u rsh ,
Geranium v iscossissim um  F isc h , and Mey, 
Geum t r i f lo ru m  P u rsh ,
G r in d e l ia  sq u a rro sa  (P u rsh .)  D unal. 
Hedeoma drummondii B enth,
H e lian th u s  annuus L.
Lappula redow sk ii (Hornem,) G reene, 
Linum l e w i s i i  Pursh*
Lupinus a rg en teu s  P u rsh ,
Lygodesmia juncea (P u rs h .)  D, Don. 
M en tze lia  a lb ic a u l i s  D ougl.
O puntia f r a g i l i s  ( N u t t . )  Haw.
0 . p o ly can th a  Haw.
O sy tro p is  la m b e r ti i  Pursh*
Fenstemon e r ia n th e ru s  P u rsh ,
P* n i t id u s  Dougl.
P h a c e lia  h a s ta ta  Dougl.
P* l i n e a r i s  ( P u r s h .) H olz,
Phlox a l y s s i f o l i a  Greene 
P . c a e s p ito s a  N utt*
P lan tag o  p u r s h i i  R and S .
P o ly g a la  a lb a  N u tt ,
Polygonum convolvulus L.
P* d o u g la s i i  Greene 
P so ra le a  a rg o p h y lla  P u rsh .
P* e s c u le n ta  P u rsh .
S a ls o la  k a l i  L.
S enecio  canus Hook.
S o lid ag o  m isso u rie n s is  N u tt .  
S p h ae ra lcea  co ccinea  (P u rs h .)  Rydb. 
Taraxicum o f f ic in a le  Weber.
Verbena b r a c te a ta  L. and R.
V ic ia  am ericana Muhi.
V io la  sp p .
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Appendix I ,  L is t  o f  the p la n t sp ec ie s  found in  the badlands of south­
eastern  Montana -  Continued*
Shrubs and  T rees
A rte m is ia  cana N u tt,
A, f r i g i d a  VTilld.
A. t r i d e n t a t a  N u tt .
A tr ip le x  c o n f e r t i f o l i a  (T o rr* ) S, W ats. 
Chrysothamnus nauseosus var* g raveo lens H a ll , 
Eriogonum m u lticep s  N ees.
E u ro tia  la n a ta  (P u rs h .)  Moq,
G u t ie r r e z ia  s a ro th ra e  (P u rsh ,)  B. and R. 
Ju n ip e ru s  h o r iz o n ta l i s  Moench.
J ,  scopulorum  S arg ,
P inus ponderosa Laws.
Rhus t r i l o b a t a  N u tt .
R ibes cereum Dougl.
Rosa arkansana P o r te r ,
S arco b a tu s  v e rm ic u la tu s  (Hook.) T orr,
Suaeda f r u i t i c o s a  (L .)  F o rsk ,
Sym phoricarpos a lb u s  (L .)  B lake.
S , o c c id e n ta l is  Hook,
Tetradym ia sp in o sa  H&A.
Yucca g lau ca  N u tt ,
A p p en d ix  I I .  Summary o f  t h e  number o f  f e e t  o f  l i n e  i n t e r c e p t  and  s o i l  sa m p le s  c o l l e c t e d  b y  l o c a t i o n .
( *  I n d i c a t e s  l o c a t i o n s  a t  w h ich  s o i l  sa m p le s  w ere  c o l l e c t e d . )
L ocation
Community-type
Sarco­
b a tu s
A tr ip le x  
A rtem is .
A rtem .-
A t r ip . -
Agropy.
A rtem .-
Agropy.
Rhus-
Agropy,
J u n ip . -
Agropy.
J u n ip . -
Oryzop,
P inus
Ju n ip e r
T o ta l
I n t e r ­
cep t
Lee Cr, 150 * - 150 * - - 150 * - - 450
E. Fk, Hg. Wo, C r .(^ ) - 1 5 0 ^ 150 * 150 150 *■ 150 * 300 * - 1050
Poker Jim  Cr. - - - - - 125 - 255 380
O 'D ell Cr. 350 * - * - - - - - - 350
Bear Cr. - - - - - - 300 * - 300
Horse Cr. - - 200 200 - - - - 400
In d ia n -T ay lo r Cr. - _ * - - _ * - - _  -Jf -
Cow Or. - - - - - - - 175 175
la y lo r  Cr, - 275 800 * - 1050 * 250 - 500 * 2875
Dry Gulch - 150 * 300 - - 600 * - - 1050
F i r s t  Cr. - 150 _  * 150 * - - - - 300
Stag  Rock Cr. -  * -  * 100 335 - _ * - - 435
Lyon Cr. - - - - - - - 300 300
Goodspeed B u tte - _ * - - - - - - -
F if te e n  M ile Cr. - 300 _  * -  * - - - _  * 300
yI
A p p en d ix  I I .  Summary o f  t h e  number o f  f e e t  o f  l i n e  i n t e r c e p t  and s o i l  sa m p le s  c o l l e c t e d  b y  l o c a t i o n .
( *  i n d i c a t e s  l o c a t i o n s  a t  w h ich  s o i l  sa m p le s  w ere  c o l l e c t e d . )  -  C o n tin u e d ,
L ocation
Community-type
S arco­
b a tu s
A tr ip le x
A rtem is,
A rtem .-
A t r ip , -
Agropy,
Artem. - 
Agropy,
Rhus- 
‘Agropy.
J u n ip .-
Agropy,
J u n ip . - 
Oryzop,
P inus
J u n ip e r
T o ta l
I n t e r ­
cep t
Pen M ile Cr. 50 - 150 * 150 * _  * - 70 * 420
Coleman Draw 150 250 - - - 125 - - 525
Spring Cr. 150 150 * - - - - - - 300
Plum Cr. - - - - - -  * - - -
Bloom Cr. _ * _  * _ * 300 * - * - - - 300
Fk, Bloom Cr. - - - - 300 * - - - 300
S* F ire  Cr. 400 * - - - 150 * - 150 * - 700
Powder R iver _ * - -  * - _  * - - - -
T o ta l In te rc e p t 1250 1450 ITOO 1285 1800 1400 750 1300 10,910-
T o ta l S o il  Samples 6 9 T 5 8 6 3 6
HI
( ) E ast Fork o f  Hanging Woman Creek
D ivide betw een In d ian  and T ay lo r Creeks 
Unnamed d ra in ag e  im m ediately  sou th  o f F ire  Creek
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Appendix I I I .  Summary o f th e  frequency  and abundance d a ta  fo r  the
S arco b a tu s  com m unity-type.
(1 )
S p ec ies Frequency Abundanc
G rasses  and G ra s s l ik e  P la n ts ; (3 )
Agropyron dasystachyum
A. s m ith i i 20 .0 5 .2
A. sp ica tum 1.7 5 .1
B ou teloua g r a c i l i s 6 .0 23.3
Bromus tec to rum 2 .0 0 .3
D i s t i c h l i s  s t r i c t a 20 .7 8 .8
O ryzopsis hymenoides 2 .0 1.8
F o rb s:
A s te r  sp p . - o.k
Comandra um bella ta 0 .7 0 .1
G ryp tan the  b rad b u rian a - 0 .1
Gaura co ccinea 0 .7 0 .1
G r in d e lia  sq u a rro sa 0 .3 0 .1
Lappula red o w sk ii 0 .7 0 .1
O puntia f r a g i l i s 0 .7 0 ,6
0 . po lycan  th a 1 .0 l.U
P so ra le a  a rg o p h y lla 0 .7 0 .1
S a ls o la  k a l i 1 .7 0 .5
S p h ae ra lcea  coccinea 1 .3 0.1:
V ic ia  am ericana 0 .7 0 .1
S hrubs:
A rtem is ia  t r i d e n ta t a 10.0 236.9
A tr ip le x  c o n f e r t i f o l i a 11.3 89.6
Chrys othamnus g raveo lens — 2.8
Eriogonum m ulticep s 7 .0 18.7
G u t ie r r e z ia  s a ro th ra e It.O l l . l
S arco b a tu s  v e rm ic u la tu s 1*8.7 993.3
Suaeda f r u i t i c o s a 15.3 137.1
G rass t o t a l li9.0
Forb t o t a l 3.9
Shrub t o t a l 11:89.8
Grand t o t a l 1512.7
(2)
(1 )  Frequency exp ressed  as  a p e rc e n t o f  th e  t o t a l  $ - fo o t  segments 
observed ; see  Appendices IV, V, VI, VII, VIII, IX, and X.
(2 )  Abundance ex p ressed  in  hundredths o f a fo o t  p e r 100 f e e t  of l in e  
in t e r c e p t ;  see Appendices IV, V, VI, VII, VIII, IX, and X.
(3 )  -  in d ic a te s  t h a t  freq u en cy  in fo rm a tio n  was n o t c o lle c te d  f o r  t h a t  
s p e c ie s ;  see  Appendices IV, V, VI, VII, VIII, IX, and X.
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Appendix IV. Summary o f the frequency and abundance data for the
A trip lex -A rtem isia  community-type.
S p ec ie s Frequency Abundanc
G rasses  and G ra s s lik e  P la n ts :
Agropyron sp icatum 11.3 10.6
O ryzopsis hymenoides ii.3 ^ .6
F o rb s:
A tr ip le x  a rg e n te a 0 .7 Ooh
C hrysopsis  v i l l o s a - 0.2
Comandra u m b ella ta O.li
Gaura coccinea 0 .7 0 .1
Phlox c a e s p ito s a - 0 .5
S a ls o la  k a l i - 0 .1
S p h aera lcea  coccinea 2 .0 0 .3
V ic ia  am ericana 0 .7 0 .1
Shrubs :
A rtem is ia  t r i d e n t a t a 12.7 322.2
A tr ip le x  c o n f e r t i f o l i a 17 .7 820.8
Chrjrs othamnus grave o lens 1 .3 W .9
Eriogonum m u lticep s 1^.0 80.6
G u t ie r r e z ia  s a ro th ra e 6 .3 26.9
Rhus t r i l o b a t a - 2 .5
S arco b a tu s  v e rm ic u la tu s 2 .0 12 .li
Yucca g lau ca 0 .7 1 .9
G rass t o t a l 16.2
Forb t o t a l 2 .1
Shrub t o t a l 1313.2
Grand t o t a l 1331.5
-13i+-
Appendix V. Summary o f the frequency and abundance data for the
A rtem isia-A triplex-A gropyron community-type.
S p ec ies  Frequency Abundance
G rasses and G ra s s lik e  P la n ts :
Agropyron s m ith i i 9.h 2 .6
A• sp icatum lh l .8
A r is t id a  lo n d is e ta Oo5 1 .3
B outeloua c u r tip e n d u a l 1 .7 1 .0
B, g r a c i l i s - 0 .2
D i s t i c h l i s  s t r i c t a o .g 0 .1
M uhlenburgia c u sp id a ta 1.1 0.2
O ryzopsis hymenoides Uo9 12.3
Sporobolus c ry p tan d ru s 1 .1 0 .5
S t ip a  comata - 0 .3
F o rb s ;
G ryptan the b rad b u rian a - 0.2
Gaura co ccinea 1 .1 0 .1
Lappula red o w sk ii 0 .5 0 .1
Phlox c a e s p ito s a 0 .5 0 .1
P o ly g a la  a lb a 0 .5 0 .1
S p h ae ra lcea  coccinea 5 .0 0 .7
V ic ia  am ericana 1 .1 0 .2
Shrubs :
A rte m is ia  t r i d e n t a t a 35.0 822.8
A tr ip le x  c o n f e r t i f o l i a 22.2 528.2
Chrys othamnus g rav eo len s - l.U
Eriogonum m ulticeps - 0 .9
E u ro tia  la n a ta 0 .5 8 .ii
G u tie r re z ia  s a ro th ra e 12.8 11 .1
Rhus t r i l o b a t a 1 .1 6 .7
S arco b a tu s  v e rm icu la tu s 3 .3 25.9
Yucca g lauca 0 .5 6 .9
G rass t o t a l 160.3
Forb t o t a l 2 .6
Shrub t o t a l 1112.3
Grand t o t a l 1575.2
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A p p e n d i x  V I .  S u m m ary  o f  t h e  f r e q u e n c y  a n d  a b u n d a n c e  d a t a  f o r  t h e
A r t e m i s i a - A g r o p y r o n  c o m m u n i t y - t y p e .
S p ec ie s  Frequency Abundance
G rasses and G ra ss lik e  P la n ts ;
Agropyron r ip a riu m  
A. s m ith i i
A. sp ica tum  
A r i s t id a  lo n g is e ta  
B ou teloua c u r tip e n d u la
B. g r a c i l i s  
Bromus tec to rum  
Carex f i l i f o l i a  
D anthonia u n is p ic a ta  
M uhlenburgia c u sp id a ta  
O ryzopsis hymenoides 
S t ip a  comata 
S . v i r id u la
F o rb s ;
A s te r  spp .
A rtem is ia  d racunculus 
A tr ip le x  a rg e n te a  
C erastium  arvense  
Comandra u m b ella ta  
Hedeoma drummondii 
H e lian th u s  annuus 
Lappula redow sk ii 
S p h ae ra lcea  co cc in ea  
V ic ia  am ericana
Shrubs ;
A rtem is ia  f r i g id a
A. t r i d e n t a t a  
A tr ip le x  c o n f e r t i f o l i a  
Eriogonum m u lticep s  
G u tie r re z ia  s a ro th ra e  
Yucca g lauca
G rass t o t a l  
Forb t o t a l  
Shrub t o t a l
Grand t o t a l
0.8
3.8 1.2
7U-6 219.2
1.7 2 .5
11.3 22.8
2 .9 19.2
3.8 0 .5
— 0 .1
— 0.7
<-> o.li
5 .0 U.9
0.8 2.9
- k .o
0.8 0 .1
0.8 0 ,1
0.8 0 .1
0 .3
1 .7 0 .2
2 .5 0 .3
0.8 0 .1
1 .7 0.2
6 .3 1.2
1 .7 0 .2
0 .8 0 .1
35.0 636.5
5 .0 27.6
ii.2 0 .7
9 .6 18 .U
2 .1 23.8
279.2
2.8
707.3
989.3
-136
A p p e n d ix  V I I .  Svim m ary o f  t h e  f r e q u e n c y  a n d  a b u n d a n c e  d a t a  f o r  t h e  R h u s .
A g r o p y r o n  c o m m u n i t y - t y p e .
S p ec ie s  Frequency Abundance
G rasses and G ra s s lik e  P la n ts ;
Forbs:
Agropyron s m ith i i 5 .0 1,2
A. sp icatum U .2 126.8
A. subsecundum - 0,6
Andropogon sc o p a riu s 2,2 5.5
A r is t id a  lo n d is e ta 0 ,3 0 .3
B outeloua c u r tip e n d u la 9 .7 17.9
Bromus tectorum 7.2 1 .7
M uhlenburgia c u sp id a ta l . i i U .l
O ryzopsis hymenoides 0,6 0.8
Sporobolus c ry p tan d ru s 0,6 0.2
S tip a  comata 0.6 1.0
Ambrosia a r te m is i f o l ia 1 .7 o.U
A rtem is ia  d racunculus 3.9 1.8
A ste r  sp p . l . h 0 .3
C erastium  arvense - 0,1
C irsium  undulatum 0,8 0 .7
G ryptan the b rad b u rian a 3.9 2.1
Echinacea p a l l id a 0 ,6 0.1
G a i l la r d ia  a r i s t a t a - 0.1
Gaura cocc in ea 8.1 1.3
G r in d e l ia  sq u a rro sa 0,6 0 ,1
Hedeoma drummondii 0,6 0.1
Lappula redow sk ii 1.1 0.1
M en tze lia  a lb ic a u l i s 2,2 0 .3
O xy trop is  la m b e r ti i - 0.2
Fenstemon e r ia n th e ru s 0.6 0.1
P . n i t id u s 0,6 0.1
P h a c e lia  h a s ta ta 1 .7 0 ,3
P . l i n e a r i s 1.7 0 .3
Polygonum convolvu lus 0 ,6 0 .1
P . d o u g la s i i — 0,1
P so ra le a  e s c u le n ta 1.1 0 .1
S a ls o la  k a l i 0 .6 0 .1
S p h ae ra lcea  co ccinea 9.U 2.0
V erbina b r a c t i a t a 2 ,7 0 .5
V ic ia  am ericana 2.2 o.L
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Appendix V II. Summary of the frequency and abundance data for the Rhus.
Agropyron community*-type -  Continued,
S p ec ie s  Frequency Abundance
S hrubs;
A rte m is ia  f r i g i d i a  0 .3  1 .1
Eriogonum m u lticep s  11.1  lU .^
G u tie r r e z ia  s a ro th ra e  1 .9  0.8
Rhus t r i l o b a t a  827.8
Rosa arkansana 0 .6  0.8
R ibes cereum 1 .1  11.7
Yucca g lau ca  0.6  38.3
T re e s ;
Ju n ip e ru s  scopulorum  -  102.7
P inus ponderosa  -  lb 2 .5
G rass t o t a l  I 60 . I
Forb t o t a l  11.8
Shrub t o t a l  89$ .0
Tree t o t a l  2W .2
Grand t o t a l  1312,1
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A p p e n d ix  V I I I .  S u m m ary  o f  t h e  f r e q u e n c y  a n d  a b u n d a n c e  d a t a  f o r  t h e
J u n i p e r u s - A g r o p y r o n  c o m m u n i ty - t y p e .
S p ec ies  Frequency Abundance
G rasses and G ra s s lik e  P la n ts ;
Agropyron s m ith i i  7.8 2 .2
A. sp icatum  53.9  70,3
Andropogon sco p a riu s  3 .9  6 .9
A r is t id a  lo n g is e ta  -  0.8
B outeloua c u r tip e n d u la  20.6  11.8
B. g r a c i l i s  0 .6  0 .1
C alam ag ro stis  m ontanensis 0 .6  0 .1
Carex e le o c h a r is  2 .2  0 .9
C. f i l i f o l i a  -  0 .3
D is t i c h l i s  s t r i c t a  0 .6  0 .1
K o e le r ia  c r i s t a ta  2 ,2  1.9
M uhlenburgia cu sp id a ta  2 .2  1 .7
O ryzopsis hymenoides 2 .2  1.8
S t ip a  comata -  0 .1
S . v i r i d u l a  -  O.U
F o rb s :
A c h il le a  m ille fo liu m  8 ,3  2 .5
A n ten n aria  p a r v i f o l i a  0.6  2 ,6
A s tra g a lu s  drummondii 0.6  O.U
A rte m is ia  lu d o v ic ia n a  1 .1  0 ,1
B esseya c in e r ia  0.6  0 .1
C erastium  arvense  7.2 6.8
E r ig e r on pum ilus 0,6  0 .1
Gaura co ccin ea  1 .1  0 .2
Geranium v iscossissim um  0.6  0 .1
Geum tr i f lo ru m  0.6  O.U
Hedeoma drummondii 1 .1  0,2
Linum le w is i i  2,8 O.ii
O xy trop is  la m b e r t i i  2 ,2  0 .2
Phlox c a e s p ito s a  1 .1  0 ,1
P o ly g a la  a lb a  2.8 O.U
P so ra le a  a rg o p h y lla  0 ,6  0 .1
S o lid ag o  m is so u rie n s is  2 .8  1,6
V ic ia  am ericana 0 ,6  0 ,1
V io la  sp p . 2 ,2  0 ,3
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Appendix VIIT. Summary of the frequency and abundance data for the
Junip erus-Agropyr on community-type -  Continued,
S p ec ie s  Frequency Abundance
Shrubs ;
A rtem is ia  f r i g i d a  0.6  7.9
A. t r i d e n t a t a  0.6  28.9
A tr ip le x  c o n f e r t i f o l i a  0.6  7.U
Chrys o thamnu s g rave o lens 0.6  6.8
G u tie r re z ia  s a ro th ra e  8 .9  13 .1
Rhus t r i l o b a t a  U.U 63.8
R ibes cereum -  22,2
Sym phoricarpos a lbus 0 ,6  2 ,2
T rees :
Yucca g lau ca  -  12,8
Ju n ip e ru s  scopulorum  66,6  itOl6,3
P inus ponderosa 0 ,6  37#0
G rass t o t a l  
Forb t o t a l  
Shrub t o t a l
9 9 .U 
16,7 
165,1
Tree t o t a l  Uo53.3
Grand t o t a l  1:336,7
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A p p e n d ix  I X ,  S u m m ary  o f  t h e  f r e q u e n c y  a n d  a b u n d a n c e  d a t a  f o r  t h e
J u n i p e r u s - O r y z  o p s  i s  c o m m u n i ty - t y p e .
S p ec ies  Frequency Abundance
G rasses  and G rass l ik e  P la n t s ;
Agropyron s m ith i i  7.6 1 .7
A, sp ica tum  S l . l  5U.0
A, trachycaulum  1 .1  0 .2
A r i s t id a  lo n g is e ta  0,6  0 ,3
B outeloua c u r tip e n d u la  9,U 7 ,3
Carex f i l i f o l i a  6 ,7  8,6
C, p en sy lv a n ic a  2 ,1
K o e le r ia  c r i s t a t a  1 .7  0,8
O ryzopsis  hymenoides 1 .1  2 ,7
0 , m icran th a  22,8 32,3
F o rb s ;
A c h il le a  m ille fo liu m  9,1; 2 ,6
A llium  t e x t i l e  0,6  0 ,1
A n ten n aria  p a r v i f o l i a  2 ,2  2 ,1
A rte m is ia  lu d o v ic ia n a  0 ,6  0 ,3
A s tra g a lu s  b is u lc a tu s  0 ,6  0 ,1
Besseya c in e r i a  0 ,6  0 ,1
C erastium  arvense  lU.U 1;.8
Geum t r i f lo ru m  1 ,7  0 ,8
Linum l e w i s i i  1 ,1  0 ,2
O xytrop is la m b e r t i i  1 .1  0 ,3
P h lox  c a e s p ito s a  2 ,2  1 ,0
P o ly g a la  a lb a  1 .1  0 ,2
P so ra le a  a rg o p h y lla  1 ,1  0 ,2
S enecio  canus 0,6  0 ,1
S o lid ag o  m isso u rie n s is  9 ,9  2 ,2
S p h ae ra lcea  co ccin ea  0,6  0 ,1
V ic ia  am ericana 0 ,6  0 ,1
V io la  sp p , 2 ,8  0 ,6
S h ru b s;
G u tie r r e z ia  s a ro th ra e  6,1  21 ,5
Rhus t r i l o b a t a  2 ,8  22,2
Sym phoricarpos a lb u s  3 ,9  11 ,1
T rees;
Ju n ip e ru s  scopulorum  Si;,!; 5557,8
P inus ponderosa 1 .1  66,6
Grass total 110.0
Forb total l5 ,6
Shrub total 5U,9
Tree total 5621;,!;
Grand total 5805.2
A p p e n d ix  X . S u m m ary  o f  t h e  f r e q u e n c y  a n d  a b u n d a n c e  d a t a  f o r  t h e  F i n n s -
J u n i p e r u s  c o m m u n i t y - t y p e .
S p e c ie s  Frequency Abundance
G rasses and G ra s s lik e  P la n ts :
Agropyron sm ith !!
A. sp icatum  
Andropogon sc o p a riu s  
A r i s t id a  lo n g is e ta  
B outeloua c u r tip e n d u la
B. g r a c i l i s
G alam ovilfa  lo n g i f o l ia  
C arex e le o c h a r is
C. f i l i f o U a  
K o e le r ia  c r i s t a t a  
H uhlenburg ia  c u sp id a ta  
S t ip a  comat a
F o rb s î
A c h ille a  m ille fo liu m  
A n ten n a ria  p a r v i f o l i a  
G erastium  arv en se  
G hrysopsis v i l l o s a  
E r ig e ron pum ilus 
Gaura coccinea  
Geranium v iscossissim um  
Lygodesmia ju n cea  
C xy trop is  la m b e r t i i  
Phlox a l y s s l f o l i a  
c a e s p ito s a  
P o ly g a la  a lb a  
P so ra le a  e sc u le n ta  
S enecio  canus 
S o lid ag o  m iss o u r ie n s is  
S p h ae ra lcea  co ccinea  
Taraxicum  o f f ic in a le
S h ru b s ;
A rtem is ia  cana 
A. f r i g i d a
G u tie r r e z ia  s a ro th ra e  
Rosa a rk ansana 
Rhus t r i l o b a t a
T re e s :
Ju n ip e ru s  scopulorum  
P inus p o n d erosa
Grass total 
Forb total 
Shrub total 
Tree total
Grand total
3.3 l.U
U6.8 91.9
16.2 5U.5
7 .1
23.8 45.2
u.u 19.0
1 .1 0 .4
1 .1 0 .4
13.8 13.9
3 .3 2 .9
1 .1 4.4
1 .1 5 .3
6 .9 0 .6
— 1 .7
1 .1 1 .2
L.6 0 .4
— 0 .1
3 .3 0 .3
1 .1 0 .1
0 .3
U.6 1 .0
» 0 .5
— 5.4
1 .1 0 .1
1 .1 0 .1
3 .5 0 .7
1 .1 0 .4
1 .1 0 .4
1 .1 0 .1
_ 34.6
3 .5 6 .7
1 .1 11.7
2.7
h.h 6o.8
H i.5 593.5
58.9 2315.1
246.4 
13 .1
116.5 
2908.6
3302.6
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A p p e n d ix  X I ,  S o i l  p r o f i l e  d e s c r i p t i o n s  f o r  e a c h  c o m m u n ity  « t y p e .
C ru s t
(1 )
Upper
( 2)
( 2 )
S arcobatus Community
0 to  2 in c h e s , p a le  brown (lOTR 6 /3 , d ry ) to  y e llo w ish  brown 
(lOYR $/U , m o ist) weak b locky  c la y  loam; n on-ca lcareous to  
s tro n g ly  calcareous*  0 to  U inches th ic k .
2 to  9 in c h e s , g ra y  (lOYR 5>/l, d ry) to  g ra y ish  brown (lOYR 
5/ 2 , m o ist)  weak b lo ck y  c la y  loam; n o n -ca lca reo u s  to  
s t ro n g ly  c a lc a re o u s . U to  12 in ch es  th ic k .
Lower 9 in ch es  + , l i g h t  g ray  (lOYR 6 /1 , d ry) weak an g u la r b locky
f in e  sandy loam or s i l t y  c la y  loam; n o n -ca lc a re o u s . 12 inches 
th ic k
A tr ip le x -A rte m is ia  Community
The s o i l  h o rizo n s  o f t h i s  community r e p re s e n t  in te rb e d d ed  sh a le s  of 
c la y  and s i l t  as  th e  upper and low er ho rizo n  r e s p e c t iv e ly .
Upper 0 t o  12 in c h e s , l i g h t  g ray  (7 .5  YR 7 /1 , d ry ) to  g ray  (7 .5  YR 
6/ 1 , m o is t)  g ra n u la r  s i l t y  c lay ; w eakly c a lc a re o u s . 3 inches 
to  s e v e ra l  f e e t  th ic k .
Lower 12 to  2h in c h e s , p a le  yellow  (2.5Y 7/k,  d ry ) to  l i g h t  yellow ­
is h  brown (2.5Y 6/U , m o ist)  g ra n u la r  s i l t y  c la y  loam; w eakly 
c a lc a re o u s , 3 in ch es  to  s e v e ra l  f e e t  th ic k .
(1 ) C ru s t was observed  in  abou t o n e -h a lf  o f th e  S arcobatus communities 
sam pled. I t  i s  p r e s e n t  in  a reas  w ith  high s a l t  c o n c e n tra tio n s .
(2 ) Because norm al h o rizo n s o f developed s o i l s  a re  lack in g  in  bad land  
com m unities, th e  term s "upper" and "low er" ho rizo n s a re  used to  
p re v e n t co n fu sio n  w ith  th e  s ta n d a rd  ho rizon  d e s ig n a tio n  used  in  
s o i l  su rv ey  p r a c t ic e  ( S o i l  Survey S t a f f  1951).
A p p e n d ix  X I > S o i l  p r o f i l e  d e s c r i p t i o n s  f o r  e a c h  c o m m u n i ty - t y p e . _ C o n t in u e d
A rtem isia-A trip lex -A gropyron  Community
These s o i l s  a re  c h a ra c te r iz e d  as shallow  to  m oderately  shallow
co lluv ium  d e p o s its  o v erly in g  in te rb e d d ed  g e o lo g ic a l  m a te r ia ls  *
Upper 0 to  10 in c h e s , dark g ray ish  brown (lOYR I4./2 , d ry) to  dark
brown (lOYR 3/3,  m oist) weak sub an g u la r b locky  or f in e  
p l a ty  c la y  loam; weakly c a lc a re o u s , 3 to  12 inches th ic k .
Lower 10 in c h e s  +, l i g h t  g ray  (lOYR 6/ I ,  d ry) to  p a le  brown (lOYR
6 /3 ,  m oist) weak subangu lar b locky s i l t y  c la y  loam; c a lc a r ­
eo u s , 3 in ch es  to  5 in ch es  th ic k ,
A rtem isia-A gropyron Community
These s o i l s  a re  s im i la r  t o  those  of th e  Artemi s i  a -A tr ip le x -
Agropyron community, ex cep t f o r  a deeper colluvium  d e p o s it ,
(1 )
Upper 0 to  7 in c h e s , l i g h t  y e llo w ish  brown (10ÏR 6/k,  d ry) to
y e llo w ish  brown (lOYR m oist) g ra n u la r  or p la ty  s i l t  
loam; weakly c a lc a re o u s , 0 to  10 inches th ic k .
Lower ? to  2h in c h e s , brown (lOYR 5 /3 , d ry) to  y e llo w ish  brown
(lOYR 5 /6 , m o is t)  sub an g u la r b locky  s i l t  loam; weakly c a l­
c a reo u s , 15 to  2l(. inches th ic k ,
Rhus-Agropyron Community
These s o i l s  a r e  p r im a r i ly  composed o f p o r c e l la n i te  ch ips and la rg e
c o a rse  f ra g m e n ts .
Upper 0 to  lU in c h e s ,  r e d d ish  brown (5YR 5 /L , d ry , 5lR hfk,  m o ist)
weak f in e  subangu lar b lo ck y  s i l t  loam; s tro n g ly  c a lc a re o u s , 
lii in ch es  + th ic k ,
( 2 )
Lower II4. in ch es  + , r e d d is h  brown (5ïH 5 /It, d ry ) subangular b locky  to
g ra n u la r  s i l t  loam; s t ro n g ly  c a lc a re o u s , 0 inches th ic k ,
( 1 ) T h is upper h o riz o n  i s  n o t p re se n t a t  ev ery  sam pling lo c a t io n , and may 
r e p re s e n t  an advanced s ta g e  o f s o i l  developm ent n o t e n t i r e ly  in d ic a ­
t i v e  o f b ad lan d  s o i l s ,
( 2) Lower h o rizo n  encoun tered  on ly  a t  Taylor Creek lo c a t io n ,  and i s  n o t 
c h a r a c t e r i s t i c  o f th e s e  s o i l s .
- 1I4U—
A p p e n d ix  X I ,  S o i l  p r o f i l e  d e s c r i p t i o n s  f o r  e a c h  c o m jn u n i ty - t y p e  -  C o n t i n u e d »
Jun iperas-A gropyron  Community
These s o i l s  a r e  m ostly  p re se n t in  secondary  d ra in ag e  channels and 
on e a s t ,  s o u th -e a s t ,  so u th -w e s t, and w e s t ex p osu res.
Upper 0 to  7 in c h e s , brown (lOTR ^ /3 ,  d ry ) to  dark  y e llo w ish  brown
(lOTR h/hi  m o ist)  f in e  g ra n u la r  s i l t  loam; weakly c a lc a re o u s ,
3 to  1)4 in ch es th ic k .
Lower 7 to  16 in c h e s , y e llo w ish  brown (lOTR 5 A , m o ist) f in e  g ra n u la r
s i l t y  c la y  loam; w eakly c a lc a re o u s , 5 to  20 inches th i c k .
Ju n ip e ru s-O ry zo p sis  Community
These s o i l s  a r e  c h a r a c t e r i s t i c a l l y  found on n o r th ,  n o r th -w e s t, or
n o r th - e a s t  ex p o su res .
L i t t e r  1 to  0 in c h , p a r t i a l l y  decomposed leav es  of ju n ip e r .
Upper 0 to  7 in c h e s ,  d a rk  y e llo w ish  brown (10ÏR d ry ) to  dark
brown (lOYR U /3, m o ist)  f in e  g ra n u la r  s i l t y  c la y  loam; w eakly 
c a lc a re o u s , I4 to  12 inch es  th ic k .
Lower 7 to  18 in ch es  th ic k ,  brown (lOYR 5 /3 , d ry ) to  dark  y e llo w ish
brown (lOYR h/k,  m oist) f in e  b lo ck y  c la y  loam; weakly c a lc a r ­
eo u s, 5 to  12 in ch es  th ic k .
P in u s-Ju n ip e ru s  Community
These s o i l s  a re  c h a ra c te r iz e d  as o ccu rrin g  in  colluvium  d e p o s its  
a t  th e  b ase  o f b ad land  s lo p e s ,  t y p ic a l ly  composed of la rg e  sandstone  
c o a rse  frag m en ts .
Upper 0 to  11 in c h e s , dark brown (7 .5 %  h/hf d ry , 7 .5 %  U /l ,  m oist)
a n g u la r b locky  s i l t  loam; w eakly c a lc a re o u s , k to  18 inches 
th ic k .
Lower 11 to  2k inches th ic k ,  l i g h t  ye llo w ish  brown (lOYR 6/I4, d ry)
to  y e llo w ish  brown (10%  5/^^ m oist) m assive f in e  sandy 
loam; s tro n g ly  c a lc a re o u s , 10 to  2k inches th ic k .
Community-types G eological 
- M aterial
Depth o f  
S o il  
M aterial
Res idual 
or
Transported
Exposure Percent
Slope
Slope
P osition
Sarcoloatus Interbedded clay  
and s i l t  sh a les, 
and stream te r ­
races .
Upper 0-9" 
Lower 9"
Residual
and
Alluvium
8W-88E
(8)
0-80
(36 .4 )
Middle
and
Lower
Atriplex- Interbedded clay  
and s i l t  shales
Upper 0-12” 
Lower 12”
Residual W-SSE
(8SW)
65-100
(75.7
Middle-
LowerArtemisia
Artemisia- Talus o f sand­
stone, s i  I t  stone 
over interbedded 
shales ; shallow.
Upper 0-10” 
Lower 10-15"
Colluvium SW-SE
(s)
54-69
(60.7)
Middle
A trip lex-
Agropyron
Artemisia- Talus o f sand­
stone, s i lt s to n e  
over interbedded 
shales; deep.
Upper 0-T" 
Lower 7-24”
Colluvium SW-SE
(s)
35-36
(47.4)
Lower-
MiddleAgropyron
Eîhus- Red colored  
p orcellan ite  bed 
m aterial
Upper 0 -24” 
Usually no 
lower
Residual
or
Colluvium
W-SE
(s)
40-86
(64.6)
Upper
Agropyron
Juniperus- F ine-text ured 
ta lus over 
interbedded 
shales
Upper 0-7" 
Lower 7-16"
Residual
or
Colluvium
SW-RE
(sw)
30-59
(43.9)
Middle-
LowerAgropyron
Juniperus- Fine-textured  
s o i l  over in ter ­
bedded shales
Upper 0-7" 
Lower 7-18"
Residual mw-ïïE
(m e )
30-54
( 3 8 . 5 )
Entire-
MiddleQryzopsis
Pinus- Knolls of sand­
stone, s iI ts to n e  
fragments
Upper 0-11" 
Lower 11-24”
Residual
or
Colluvium
NW-SE
(ssw)
0-55
(22.0)
Lower- 
MiddleJuniperus
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